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1.0 INTRODUCTION

This Site-wide Feasibility Study (FS) Report for the Chemsol Inc. Superfimd Site (Chemsol) in
Piscataway Township, Middlesex County, New Jersey, has been prepared by COM Federal Programs
Corporation (CDM Federal) for the U. S. Environmental Protection Agency (EPA) Region II as
authorized under the ARCS II Contract No. 68-W9-0024 Work Assignment 046-2LC3. The Site-
Wide Remedial Investigation/Feasibility Study (RI/FS) was conducted in accordance with the Work
Plan dated June 1992 developed by EPA (as modified by CDM Federal) in cooperation with the New
Jersey Department of Environmental Protection (NJDEP). This report is based on:

o Information gathered during the comprehensive field investigations conducted by
CDM Federal from October 1992 through November 1994 summarized in the
Remedial Investigation Report dated October 1996.

o Information presented in the design, construction, operations and maintenance, and
effectiveness monitoring documents for the Interim Groundwater Remedy prepared
by McLaren Hart Environmental Engineering Corporation under the supervision of
de maximis inc. on behalf of a group of private parties.

o Results of previous investigations, monitoring, sampling, studies, and surveys
performed for Chemsol by others.

This FS addresses contamination in groundwater, soils, surface water, and sediments.

1.1 PURPOSE. ORGANIZATION AND EVALUATION CRITERIA

1.1.1 PURPOSE

The purpose of this FS Report is to document the basis and procedures used in identifying,
developing, screening, and evaluating a range of remedial alternatives which address contamination
at the Chemsol site. The primary objective of this report is to provide EPA and NJDEP with
sufficient data to select feasible and cost-effective remedial alternatives that protect public health and
the environment from the potential risks posed by contamination in groundwater, soils, surface water,
and sediments.

1.1.2 REPORT ORGANIZATION

This FS report is comprised of five sections as described below.

Section 1.0, Introduction, includes a statement of the primary objective of this report and defines the
evaluation criteria used. Section 1.0 provides a summary of site background information including
the description, history, and physical characteristics of the study area; describes the nature and extent
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of the contamination; presents the results of the baseline risk assessment; and states the basis for
conducting the FS.

Section 2.0, Identification and Screening of Remedial Technologies, presents the potential site-
specific applicable or relevant and appropriate requirements (ARARs) and to be considered
requirements (TBCs). Section 2.0 states the remedial action objectives and provides area and volume
estimates of the contaminated media; identifies and screens remedial technologies and process options
for each category of general response actions; and presents the evaluation and selection of
representative technologies and process options.

Section 3.0, Development and Screening of Remedial Alternatives, presents the remedial alternatives
developed by combining feasible technologies. Alternatives are described in Section 3.0 and an
evaluation of each alternative based on the screening criteria of effectiveness, implementability, and
cost is provided.

Section 4.0, Detailed Analysis of Alternatives, presents a detailed evaluation of each alternative that
passed the initial screening with respect to the following nine criteria: overall protection of human
health and the environment; compliance with ARARs; long-term effectiveness and permanence;
reduction of toxicity, mobility, or volume through treatment; short-term effectiveness; implementabil-
ity; cost; state acceptance; and community acceptance.

Section 5.0, Comparative Analysis, provides an overall comparison among the various remedial
alternatives examined in Section 4.0.

1.1.3 EVALUATION CRITERIA

This FS follows the basic methodology outlined in the National Contingency Plan (NCP) with
consideration of the requirements outlined in Section 121 of CERCLA, as amended. The EPA has
issued additional RI/FS guidance that includes nine criteria, noted above, for evaluating remedial
alternatives (OSWER Directive Number 9355.3-01 - Interim Final Guidance for Conducting RI/FS
Under Comprehensive Environmental Response, Compensation, and Liability Act [CERCLA],
October 1988).

CERCLA Section 121 and OSWER Directive 9355.3-01 provide nine key criteria that should be
considered when evaluating and comparing remedial alternatives. The nine criteria, noted above, are
classified as follows:

o Threshold Criteria
Overall Protection of Human Health and the Environment
Compliance with ARARs

o Balancing Criteria
Long-term Effectiveness and Permanence
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Reduction of Toxicity, Mobility or Volume through Treatment
Short-term Effectiveness
Implementability
Cost

o Modifying Criteria
State Acceptance
Community Acceptance

Brief discussions for each of the above criteria are presented in the sections below.

1.1.3.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE
ENVIRONMENT

This evaluation criterion provides a final check to assess whether each alternative provides adequate
protection of human health and the environment. The overall assessment of protection draws on the
assessments conducted under other evaluation criteria, especially long-term effectiveness and
permanence, short-term effectiveness, and compliance with ARARs. The evaluation focuses on
whether a specific alternative achieves adequate protection.

1.1.3.2 COMPLIANCE WITH ARARS

Alternatives are assessed as to whether they attain legally applicable or relevant and appropriate
requirements of other Federal and State environmental and public health laws, including, as
appropriate:

o Chemical-specific ARARs (e.g., Maximum Contaminant Levels [MCLs], National
Ambient Air Quality Standards [NAAQS]).

o Location-specific ARARs (e.g., restrictions on actions at historic sites).

o Action-specific ARARs (e.g., Department of Transportation [DOT] regulations for
transport of hazardous materials)

o Compliance with other criteria, advisories, and guidelines, as needed.

SARA provides for waivers under six situations where all ARARs cannot be met in Section
121(d)(4). These waivers are discussed in Section 2.2 of this report.

1.1.3.3 LONG-TERM EFFECTIVENESS AND PERMANENCE

Alternatives are also assessed for the long-term effectiveness and permanence they afford along with
the degree of certainty that the remedy will prove successful. Factors which might be considered,

1-3

400021



according to OSWER Directive 9355.3-01, are as follows:

o Magnitude of residual risks in terms of amounts and concentrations of wastes
remaining following implementation of a remedial action, considering the persistence,
toxicity, mobility and propensity to bioaccumulate, of such hazardous substances and
their constituents.

o Long-term reliability and adequacy of the engineering and institutional controls,
including uncertainties associated with land disposal of untreated wastes and residuals.

1.1.3.4 REDUCTION OF TOXICITY. MOBILITY OR VOLUME THROUGH
TREATMENT

The degree to which alternatives employ treatment that reduces toxicity, mobility, or volume are also
to be assessed. According to OSWER Directive 9355.3-01, factors that might be relevant include:

o The treatment processes that the remedies employ and the materials they will treat,

o The amount of hazardous materials that will be destroyed or treated,

o The degree of expected reduction in toxicity, mobility, or volume,

o The degree to which the treatment is irreversible.

o The type and quantity of residuals that will remain following treatment, considering
the persistence, toxicity, mobility and propensity to bioaccumulate of such hazardous
substances and their constituents.

o Whether the alternative would satisfy the statutory preference for treatment as a
principal element.

1.1.3.5 SHORT-TERM EFFECTIVENESS

The short-term effectiveness of alternatives needs to be assessed considering appropriate factors
among the following:

o Protection of the community during remedial actions,

o Protection of the workers during remedial actions,

o Time until remedial response objectives are achieved.
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1.1.3.6 IMPLEMENTABILITY

The guidance also specifies that the ease or difficulty of implementing the alternatives should be
assessed by considering the following types of factors:

o Technical Feasibility

Degree of difficulty associated with constructing and operating the
technology.
Expected operational reliability of the technologies.
Ease of undertaking additional remedial actions, if necessary.
Ability to monitor the effectiveness of the remedy.

o Administrative Feasibility

Need to coordinate with and obtain necessary approvals and permits (e.g.,
New Jersey State Pollutant Discharge Elimination Permit or NJPDES, Dredge
and Fill permits for off-site actions) from other agencies and offices.

o Availability of Services and Materials

Availability of necessary equipment and specialists.
Availability of adequate capacity and location of needed treatment, storage
and disposal services.
Availability of prospective technologies.
Availability of services and materials, plus the potential for obtaining
competitive bids.

1.1.3.7 COST

The types of costs that need to be assessed during the FS include the following:

o Capital costs

o Annual operation and maintenance costs

o Present worth analysis

The typical cost estimate made during the FS is expected to provide an accuracy of+50 percent to
-30 percent. Also, when necessary, a sensitivity analysis may be performed. A sensitivity analysis
(presented in Section 5.0) assesses the effect that specific assumptions associated with an alternative
can have on the estimated cost.
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1.1.3.8 STATE (SUPPORT AGENCY) ACCEPTANCE

This assessment evaluates the technical and administrative issues and concerns which the State (or
support agency in the case of State-lead sites) may have regarding each of the alternatives.

1.1.3.9 COMMUNITY ACCEPTANCE

This assessment evaluates the issues and concerns the public may have regarding each of the
alternatives. This criterion will be addressed in the ROD once comments on the RI/FS report and
Proposed Plan have been received.

1.2 SITE BACKGROUND INFORMATION

This section provides a summary of the background information concerning the Chemsol site. It has
been prepared in order to provide the reader with pertinent facts obtained from other site related
documents (see References), especially, the Remedial Investigation Report, dated October 1996,
prepared by COM Federal under the ARCS II contract with EPA.

During the 1950s and 1960s, the Chemsol site was used as a solvent recovery and waste reprocessing
facility by a chemical firm known at various times as Chemsol Corporation and Chemsol Inc. During
Chemsol's peak operating years, several fires and explosions occurred at the site. In 1964, the owner
was ordered by Piscataway Township to cease operations. In 1978, the site was rezoned from
industrial to residential. Large mounds of plastic wastes, impoundment areas, ponded liquids,
possible buried drums, and localized spills appear to have been located on-site (EPIC, 1991).
Additional descriptions of the site and its history are provided in Sections 1.2.1 and 1.2.2,
respectively.

Since 1980, numerous site investigations have been conducted by consultants for the site owner. The
findings of the previous site investigations were that soils were contaminated in the areas where the
bulk of site activities occurred and that a plume of contaminated ground water emanated laterally and
vertically from the site. The previous site investigations are described in more detail in Section 1.2.3.

1.2.1 SITE DESCRIPTION

The Chemsol site is located at the end of Fleming Street in the Township of Piscataway in Middlesex
County, New Jersey (Figure 1-1), approximately one-half mile north of Interstate Route 287. The
Port Reading Railroad is located adjacent to the southern property boundary of the site. Single family
residences exist to the west and northwest of the site and an apartment complex is located north of
the site. Industrial and commercial establishments exist to the south and east. There are several other
Superfund non-National Priority List (NPL), Resource Conservation and Recovery Act (RCRA), and
other sites that have been investigated pursuant to the New Jersey Industrial Site Recovery Act
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(ISRA) within a 1.2 mile radius of the site.

The site consists of two lots on Block Number 229 A, 1A and IB (Figure 1-2), which together occupy
approximately 40 acres. Lot IB, which contains the suspected source areas of site contamination,
is enclosed by an eight-foot fence. There were no buildings at the site in October 1992, when CDM
Federal began field investigations, except for three concrete foundation slabs near the southwestern
entrance to the property. At present, a groundwater treatment plant building occupies the site of the
former western-most foundation slab.

Lot IB is an open, flat area which was the primary active area during the site operating period. Lot
IB covers approximately 13 acres. Lot 1A is mainly a wooded area and is located north and east of
Lot IB. Lot 1A was previously classified as an "undeveloped" area and covers approximately 27
acres.

Three small intermittent streams and trenches drain northward across the site into a marshy wetland
area located near the northeastern property boundary. The Northern Ditch flows from the northwest
corner of the site property boundary down south toward the site and turns east along the northern
boundary of Lot IB. Stream IB flows north along the eastern edge of Lot IB. The Northern Ditch
and Stream IB merge prior to leaving the site. The third surface water body is Stream 1 A, which
flows north along the eastern edge of Lot 1A.

Geographically, the Chemsol site is located between the Watchung Mountains, 1.5 miles to the
northwest, and the Raritan River, approximately 1 to 2 miles west and south of the site. The site is
situated near a topographic and hydrological divide that separates Ambrose Brook to the south from
Bound Brook to the north. The ground surface of the site slopes gently downward to the north and
east, and the surface elevation ranges from 88 to 71 feet above mean sea level (MSL). The
topography of the site, particularly within Lot IB, has been altered by bulldozing, excavation and fill
activities. Hence, present topography may not indicate previous conditions. The wetland hydrology
of some areas of Lot IB appears to be caused by the poor drainage characteristics of the soils.

1.2.2 SITE HISTORY

Historically, the site witnessed numerous fires and explosions resulting from the storage, use or
processing of flammable materials. In September 1958, a still exploded, while in June 1961, a fire
started when a 50-gallon drum of hexane exploded. In June 1962, a fire started when a pile of
approximately 500,000 pounds of wax was ignited, and in October 1964, a reaction between
aluminum chloride and water generated hydrogen chloride gas resulting in the evacuation of the
adjacent residential areas. Following this incident, the owner was ordered to cease operations, and
the site was dismantled the following year (1965). Several large mounds of plastic wastes were left
behind, and in 1976 a grass fire ignited one of the mounds. The Piscataway Fire Inspector
subsequently filed a complaint against the site owner for failure to clear the waste mounds. In 1978,
the site was rezoned from industrial to residential. In September 1983, the site was placed on the
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Superfund NPL. •

From 1983 to 1990, the New Jersey Department of Environmental Protection (NJDEP) directed the
site owner, under various enforcement actions, to perform a series of site investigations related to
groundwater and soil contamination. In 1990, EPA and NJDEP agreed that EPA should perform site
investigations and federally fund the remainder of the investigatory work. Additional information on
the history of the site since 1990 is provided below.

1.2.3 PREVIOUS INVESTIGATIONS

Since 1980, a number of investigators have attempted to ascertain the geologic and hydrologic
characteristics of the Chemsol site. The following is a brief summary of the findings of each
investigation, beginning with the earliest.

The original investigation by J.W. Patterson & Associates (Patterson) was conducted during 1980
and 1981. This was the initial site investigation of groundwater contamination. Patterson installed
monitoring wells MW-1 through MW-8 with depths ranging from 20 to 80 feet, confirming the
presence of VOCs on-site in both newly installed monitoring wells and the previously existing "deep
well" (C-2). Patterson reported groundwater flow in the upper zone to be northward, while flow in
the deeper zone was toward the southwest, presumably under the influence of pumping immediately
south of the site. No geologic or stratigraphic information was presented by Patterson and
monitoring well construction information was not detailed. In addition to the groundwater samples,
Patterson collected and analyzed 12 soil samples for polychlorinated biphenyls (PCBs). Nine of the
twelve samples contained PCBs in excess of 1 part per million (ppm). During this period, NJDEP
collected and analyzed water samples from domestic and industrial wells around the Chemsol site
Volatile organic compounds were found in many of these samples. NJDEP also collected nine soil
samples from various locations within the Chemsol site. PCB concentrations in these samples ranged
from non-detect to under 50 ppm.

In August 1983, the Lancy Laboratories Division of Lancy International, Inc. (Lancy) was hired to
continue the site investigation. Lancy conducted ground water and soil contamination studies at the
site until 1986. During that time, three monitoring wells of various depths were installed and 33 soil
samples were collected. Lancy partially characterized the ground water flow systems at the site. The
area that Lancy identified as having more than 1 ppm PCBs in the site soils was fenced in early 1985.

Lancy cored a 315-foot deep monitoring well (C-l) at the center of the site and conducted openhole
dual packer tests to determine contaminant characteristics and identify water bearing zones. Lancy
conducted groundwater sampling of discrete 10-foot horizons as well as pressure tests (pump-in) of
the same intervals to estimate permeability and locate water bearing zones in the bedrock aquifer.
Lancy concluded that two water bearing zones exist within the bedrock; the first, a low-producing
water bearing zone between the surface to approximately 110 feet below grade, and the second,
below this zone, where a gradual decrease in permeability was noted to the base of the borehole.
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Lancy indicated that between 110 - 120 feet below grade there is a low permeability zone that acts
as an aquitard. Lancy also defined two discrete zones of contamination, one from the surface to just
below 40 feet below ground surface, where a zone of limited permeability was noted. The second
zone of significant contamination began at about 120 feet below grade and continued to about 200
feet below grade, where permeability was reported to decrease.

Construction details indicate that the C-l borehole had an open interval from 7 to 315 feet below
grade from the time of its installation in 1984 until 1987, when it was sealed and grouted from its
total depth to 133 feet below grade.

In August 1984, Lancy installed monitoring wells TW-1 through TW-8 (from 45 to 65 feet depth)
and the OW series of "overburden" monitoring wells (from 3 to 15 feet total depth) to determine the
nature and extent of the on-site VOC contamination. Lancy verified the groundwater flow directions
determined by Patterson, with the "overburden" zone (OW series) flowing toward the northeast, and
flow in the deeper, bedrock zone toward the south, presumably influenced by the pumping wells
immediately south of the site. Geologic logs and well construction details were completed for the
newly installed wells but the geologic logs lack lithologic and fracture details and could not be used
for correlation purposes.

In August 1985, Lancy installed monitoring wells TW-9 through TW-15 to further determine the
nature and extent of the on-site and off-site VOC contamination. Lancy conducted slug tests on wells
OW-1 through OW-4, and MW-4. Lancy recommended abandoning monitoring wells MW-6 and
MW-8 because their casings did not extend into competent bedrock.

Applied Geotechnical and Environmental Services Corporation (AGES) began work at Chemsol in
October 1986 AGES performed a pumping test in July 1987 at well C-l, originally cored as a 315
foot test boring in November 1983 by Lancy. During the 71-hour pumping test, 12 shallow wells
were monitored to determine the hydraulic characteristics of fractures in the bedrock aquifer. In July
1987, AGES conducted a 71-hour aquifer test using well C-l as the extraction well to ascertain
hydraulic characteristics of the bedrock formation. Prior to this work, monitoring well C-l was
sealed from 315 feet to 133 feet below ground surface. AGES reported that a "well developed,
uniform cone of depression developed over the site at maximum drawdown conditions". AGES
reported that the upper bedrock aquifer has a fair degree of hydraulic communication and slight
hydrologic anisotropy. A directional component of the groundwater flow was observed along the
strike of the bedrock formation. In addition to the pumping test, AGES continued the PCB soil
sampling initiated by Patterson and Lancy. During December 1987, AGES collected additional soil
samples for PCB analysis.

In early 1988, AGES completed eight deep wells; four drilled to 250 feet, three drilled to 325 feet,
and one drilled to 340 feet. Monitoring wells DMW-1 through DMW-4 were installed in January,
and monitoring wells DMW-5 through DMW-8 were installed in April. The open-hole intervals of
the odd-numbered wells extend from approximately 200-250 feet below ground surface; those of the
even-numbered wells extend from approximately 300-340 feet below ground surface. Geologic logs
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for these wells are incomplete. No aquifer testing was completed during this phase of the work on
the deeper water bearing zones.

Harding Lawson Associates (HLA) started work at the site in 1989. In early 1990, HLA installed
four additional deep bedrock wells and sampled most site bedrock wells. Additional investigations
were conducted during this time to characterize the hydraulic characteristics of the bedrock aquifer.
HLA installed monitoring wells MW-101 through MW-103, open from approximately 325-350 feet
below ground surface, in March and April 1990. An additional bedrock monitoring well, MW-104,
was installed ofFsite to approximately 265 feet below grade. Groundwater samples were collected
from different intervals within monitoring well MW-101 to a depth of 220 feet below grade, using
a dual-packer assembly. No hydraulic testing was performed.

HLA conducted a "modified" pumping test while the off-site Parkway Plastics supply wells were
pumping. They also conducted a set of time-series sampling tests to evaluate the possibility of
borehole leakage between deep monitoring well clusters. They concluded that there was no evidence
of borehole leakage between any of the DMW series wells.

In general, past investigations have indicated that groundwater at the site has been contaminated with
volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs) and metals. In
addition, the soils are contaminated with PCBs. However, the vertical and horizontal extent of
contamination had not been adequately delineated.

In December 1990, Malcolm Pirnie Inc. (MPI) started work at the site under contract to the EPA.
During 1991, MPI conducted a Focused Feasibility Study (FFS) on the upper bedrock aquifer at
Chemsol. Ground water samples were collected from the ground water to a depth of 130 feet. The
results of the FFS are available in the "Focused Feasibility Study, Interim Action for Ground Water,
Chemsol Inc.," July 12, 1991, prepared by MPI. MPI conducted a number of in-situ slug (falling
head) tests on wells OW-1, OW-2 , OW-4, OW-10, and OW-11 to estimate the hydraulic
conductivity of the "overburden". Both falling and rising head tests were completed on well OW-11.
However, the values obtained for the hydraulic conductivity are suspect because these well screens
straddle the water table (so that during falling head tests, the unsaturated zone and filter pack was
being tested).

The interim remedy, selected by EPA on September 20, 1991 to restrict off-site migration of the most
highly contaminated ground water (to 130 feet below grade), includes:

• Installation of a ground water collection and extraction system for removal of
contaminated ground water;

• installation of an on-site treatment plant to treat the ground water;
• disposal of treated ground water in an on-site surface water body; and
• operation and maintenance of the components of the interim remedy and

environmental monitoring to ensure continued achievement of the objectives of the
interim remedy.
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In the summer of 1992, McLaren/Hart Environmental Engineering Corporation (M/H) was hired by
de maximis inc. on behalf of the private parties that agreed to conduct a field investigation for the
design of the interim remedy. Three intermediate-depth monitoring wells (C-3 through C-5) were
installed in Lot IB to a depth of approximately 130 feet below grade. Several packer tests and one
pumping test were performed during the investigation. In addition, a total of eight piezometers were
installed at the north-eastern corner of Lot IB to monitor the overburden water. In October 1993,
eight deeper piezometers were installed to provide further information on the geology and
hydrogeology of the weathered bedrock zone.

On July 25, 1994, EPA issued an Explanation of Significant Differences which modified the interim
remedy, primarily through deferring installation of the interceptor trench until the site hydrogeology
is more accurately determined, and also allowing discharge of the treated groundwater (after
treatment by air stripping, filtration, and activated carbon adsorption) to the sewer system.
Construction activity for the interim remedy started in summer 1993 and was completed in June 1994.
In the interim remedial action, groundwater is pumped from the most contaminated well, C-l, treated
in the on-site treatment plant, and then discharged to the Middlex County Utilities Authority (MCUA)
sewer system (Figure 1-2).

The private parties are currently operating an interim groundwater extraction system that is expected
to restrict groundwater contamination to depths of 130 feet within the site boundaries. In designing
the extraction system, McLaren/Hart has conducted the most comprehensive testing of site aquifer
properties to date prior to this comprehensive RI performed by CDM Federal. McLaren/Hart's
findings are presented in appendices to their April 1993, Final Remedial Design Report:

"Appendix A: Upper Bedrock Groundwater Extraction System", and
"Appendix B: Weathered Bedrock Extraction System".

In September 1992, M/H installed eight shallow piezometers to characterize and monitor the
overburden / weathered bedrock interface and the upper five feet of the weathered bedrock zone.
These shallow piezometers are installed from 7 to 10 feet below grade in the weathered bedrock zone.
M/H also installed four (4) drive points to monitor water levels in the overburden soils. During
installation of these piezometers and drive points, the thickness of overburden was determined to be
only 3 to 5 feet thick, instead of 5 to 15 feet as the MPI Focused Feasibility Study and some other
investigations had stated. Hence the uppermost water-bearing unit is actually within the weathered
bedrock, not the overburden Overburden soils consist predominantly of silt, with sand and trace
amounts of clay. Of the four drive points installed by M/H, all are dry except after extreme recharge
events.

In addition to the weathered bedrock investigation, M/H cored three (3) monitoring wells (C-3
through C-5) in August of 1992. Total depths of the "C" series monitoring wells are 120 to 128 feet
below ground surface, and each is completed with 22.5 feet of screen. Before the casing and screen
were installed, M/H completed dual packer pressure and bedrock interconnectiveness tests on 12-
to 14-foot intervals in the new boreholes to assess actual connectiveness of fractures and to locate

1-11

400029



water bearing zones up to 130 feet below grade. Pressure testing and interconnectiveness testing data
indicated that the upper 130 feet of the bedrock water bearing zone is well connected throughout.
During the interconnectiveness testing, groundwater VOC samples were collected. Analysis indicated
that all zones sampled throughout the upper 130 feet were contaminated with VOCs. A 72-hour
pump test was completed on well C-l at 23 gallons per minute (gpm) to estimate aquifer parameters.

In October 1993, M/H installed ten additional deeper piezometers to provide further information on
the geology and hydrogeology of the deeper portion of the weathered bedrock zone. These deeper
piezometers are installed from 20 to 23 feet below grade. Eight of these deeper piezometers were
installed adjacent to existing piezometers to help determine vertical gradients in the weathered
bedrock zone. The other two deeper piezometers were installed to further define the lateral extent
of water within the deeper weathered bedrock zone. Level measurements were recorded from Stream
IB and adjacent piezometers. Stream IB was found to be recharging the weathered bedrock zone.
Vertical gradients in the weathered bedrock zone were found to be downward. These observations
are documented in the "Revised Weathered Bedrock Supplemental Investigation Report" dated
August 1995 prepared by M/H on behalf of the private parties.

1.2.4 CDM FEDERAL'S FIELD INVESTIGATION

CDM Federal performed the field work between October 1992 and November 1994. Field
investigation activities included a contaminant source investigation; ambient air sampling; surface
water and sediment sampling; soil sampling; groundwater sampling; ecological investigation* (wetland
delineation); and geophysical and hydrogeological investigations, including bedrock coring, downhole
geophysical logging, packer testing, well installation, and well abandonment.

1.2.4.1 CONTAMINANT SOURCE INVESTIGATION

Historical aerial photographs taken while the facility was operating indicate that numerous tanks,
railroad tank cars, distillation units and drums were scattered throughout Lot 1-B. The sources of
contaminants were suspected releases from the former waste piles, drums, waste ponds, surface
discharges, spills, and leaks.

The former operating buildings were dismantled after the facility ceased operations. Waste piles and
drums have been removed and disposed of offsite. In 1988, a number of unknown buried containers
were found during the soil excavation activities in Lot IB. These containers were lab packed and
disposed of by the EPA in 1990-1991.

In 1989, HLA performed an electromagnetic (EM) geophysical survey at the site. Ten anomalies
were observed and test pits were reported to have been excavated to confirm these results. Neither
underground storage tanks nor buried drums were found. However, one underground storage tank
was found during the construction of the onsite groundwater treatment plant in the fall of 1993. The
location of this tank had been marked by HLA on the EM survey map as anomaly HLA-8. The tank
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was estimated to have a storage capacity of 12,000 gallons and was filled with No.6 heating oil and
water. The tank was emptied and removed off-site. During the tank removal, stained soil was
observed on one side of the tank, which is believed to have been caused by overfilling during the tank
use. This soil was excavated and is stored on-site. The tank appeared to be completely intact with
no signs of holes or fractures.

At present, Lot IB is flat with no standing structures except for the ground water treatment plant. The
EP A believes the possibility of existing contamination sources (such as buried tanks and drums) in
soil to be low, even though one underground storage tank was found during the construction phase
of the interim remedial action (RA) activity. The primary contamination sources for ground water (at
present) are believed to be the highly contaminated soil areas existing in Lot IB and the suspected
presence of dense non-aqueous phase liquids (DNAPLs) within the bedrock aquifer.

1.2.4.2 AIR QUALITY INVESTIGATION

The CDM Federal ARCS II team collected two rounds of ambient air samples at the site. The
purpose of the ambient air sampling was to quantitatively evaluate suspected volatile organic chemical
constituents in the ambient air at the site and to monitor possible offsite migration.

The air samples were collected by using laboratory prepared Summa canisters. All canisters were
laboratory pre-cleaned and pre-regulated prior to being shipped to the site. The sample collection
method consisted of opening the shutoff valve on the Summa canisters, which are under vacuum,
thereby allowing ambient air to enter the canister. An averaging period of eight-hours was used for
the sampling Because the Summa canisters are under a vacuum, no field quality control sample was
required for the air sampling events. The height from the ground level to the canister's inlet was
approximately three feet.

All samples were shipped to the EPA CLP laboratories for volatile organic compounds analysis by
using EPA Method TO14 QA/QC procedures included the collection and analysis of a duplicate on-
site Summa canister during each round, completion of chain-of-custody forms, use of laboratory
prepared vacuum canisters and analysis at the EPA CLP laboratory. Meteorological information such
as temperature, atmospheric pressure, wind direction, and wind speed were measured during the
sampling event. A barometer was used to measure atmospheric pressure and an anemometer was
used to measure wind speed.

Round One

The round one air sampling event was conducted in March 1993. A total of eight samples were
collected from the site with one being a duplicate sample. The sampling locations are shown in Figure
1 -3. The temperature ranged between the low to upper 50s°F. The wind direction was from the
north to northwest and the wind speed was less than 5 mph, with gusts occasionally reaching to 10
mph. The atmospheric pressure was approximately 29.71 mm-Hg. The relative humidity was
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approximately 96%.

Samples AR-01, AR-02, AR-03, AR-04, and AR-10 were collected from the perimeter of the "hot
spot". The "hot spot" is an area in the northeast corner of Lot IB, where a strong odor was noticed
during the remedial design field investigation conducted by McLaren Hart in the summer of 1992.
Sample AR-10 was located next to AR-02 in order to serve as the duplicate sample. Sample AR-07
was collected from an upwind location nearby wells TW-11 and OW-11. The downwind sample AR-
06 was collected at the intersection of Stream IB and the access road along the railroad. The
designated receptor location (sample No. AR-05) was located at the end of Fleming Street, between
the nearest residence and the site.

Round Two

The round two air sampling event was conducted in May 1994. The sampling rationale followed was
the same as in the first round of air sampling. The sampling locations were selected based on the
wind direction on the sampling day. Eight samples were collected from seven locations. The wind
direction was from the southwest. Due to the wind direction on this day, the designated receptor
sample location also served as the upwind sample. Consequently, two locations were used as
downwind samples. In general, the wind speed varied from 5 to 15 mph, with gusts up to 40 mph.
A brief thunderstorm occurred in the afternoon. The atmospheric pressure was about 29 mm-Hg

in the morning and dropped to about 28 mm-Hg in the afternoon. Relative humidity was 60% in the
morning and increased to 100% just prior to the thunderstorm.

Sample location AR-A was located at the same location as the round one designated receptor
sample. Due to the change in the wind direction, AR-A also served as the upwind sample in addition
to the designated receptor. The samples collected from the perimeter of the "hot spot" were AR-B,
AR-C, AR-D, AR-E and AR-F. AR-F was collected from the same location as AR-E in order to
serve as the duplicate sample. The downwind locations, AR-G and AR-H, were selected along the
northern boundary of the site property adjacent to the apartment complex. Sample location AR-G was
near wells OW-11 and TW-11 and AR-H was approximately 300 feet east of AR-G. Figure 1-3
shows the sampling locations.

1.2.4.3 SURFACE WATER AND SEDIMENT INVESTIGATIONS

The ground elevation at the Chemsol site is generally lower than the adjacent area. Surface water
runoff is towards the site during the rain events. There are several wetland areas, one drainage ditch,
and two streams present at the site. The objective of this investigation was to determine whether site-
generated contaminants have been transported to surface waters and sediments either on site or
downgradient of the Chemsol site resulting in conditions which may inhibit the growth and production
of indigenous flora and fauna and act as a threat to human health.

Stream 1A was sampled in 1991 by Malcolm Pirnie Inc. (MPI) during the Focused Feasibility Study
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(FFS). Surface water and sediment samples were collected weekly during the eight-week period from
three locations and analyzed for TAL/TCL and conventional water parameters. The purpose of this
extensive sampling was to collect data to develop discharge limitations for the interim remedy.

The CDM Federal ARCS II team conducted two rounds of surface water and sediment sampling at
the Northern Ditch and Stream IB during the RI. Surface water samples were analyzed for
TAL/TCL. Sediment samples were analyzed for TAL/TCL, grain size distribution, and total organic
carbon (TOC). All samples were analyzed by the CLP laboratories. A total of 12 sampling locations
were selected for rounds one and two; however, only 9 locations were sampled during each round.
As described below, location 08 was associated with discharge from a clay drainage pipe, and
locations 07 and 09 were later determined to be associated with a leaking water main that was
repaired. Therefore, these three sample locations were replaced during the second round. Locations
01 through 09 were sampled in round one and locations 01 through 06 and 10 through 12 were
sampled in round two (See Figure 1-4).

Locations 01 and 02 were selected to provide background data samples for the Northern Ditch and
Stream IB respectively. Location 03 was located at the point of confluence of Stream IB and the
Northern Ditch. Location 04 was located to monitor the surface water and sediment quality
migrating off the site. Locations 05 and 06 were located along Stream IB to monitor the water
quality changes along this waterway. Location 07 was located at the on-site wetland area which was
later defined as an "artificial wetland" which resulted from a leaking water main. Location 08 was
located upstream of one branch of Stream IB. Location 09 was selected at a persistent water
ponding area upstream (west) of the artificial wetland area location 08. During round two, sampling
locations 10 and 11 were selected at two points along the site's Northern Ditch with location 12 being
selected by EPA at the end of a small ditch located at the western portion of lot IB.

At each location, one surface water sample and two sediment samples were collected, except at three
locations during the round one episode due to field problems. All the surface water samples were
collected before the sediment samples were collected at that location. A total of eight surface water
samples were collected during round one and nine surface water samples were collected during round
two, for a total of 17. During round one 14 sediment samples were collected from eight locations and
during round two, 18 sediment samples were collected from nine locations. A total of 32 sediment
samples were thus collected. All except two sediment locations were sampled at two depths, from
the surface to 6 inches and from 6 to 12 inches below the surface.

Surface water samples were collected by introducing water directly into the sample bottles for volatile
organics, semi-volatile organics and inorganics. The sediment samples were collected by using
decontaminated stainless steel hand augers and trowels. All EPA sampling protocols were followed
during the sampling activities. Samples were shipped to the appropriate EPA CLP laboratories for
a complete TCL/TAL, TOC, and grain size analyses for the sediment samples. Field parameters such
as pH, conductivity, and temperature were also measured for the surface water samples. Sampling
was conducted during the fall and late winter months to determine if there is a seasonal variation.
The first round was conducted during a dry period, while the second round was conducted during
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a wet period. The Round One sampling event was conducted on two days in October 1992. The
Round Two sampling event was conducted on two days in February 1993.

Because discharge/recharge relationships may change by season, staff gauges were proposed to be
installed in Stream IB and the flow direction, water depth and dimensions of the waterway were to
be measured. McLaren/Hart provided two stream staff gauges as part of the private parties' on-going
weathered bedrock investigation. One was installed in the northern ditch by PZ-04 and the other was
installed in Stream IB by PZ-08. Stream staff gauge levels, water flow and stream characteristics
were measured by McLaren/Hart. Their measurements are summarized in the "Revised Weathered
Bedrock Supplemental Investigation Report" dated August 1995.

1.2.4.4 GEOLOGICAL INVESTIGATIONS

The Chemsol site is located in the lowland Piedmont physiographic province. The site is underlain
by the Brunswick Formation of Triassic age, which is typically interbedded, reddish-brown to gray
sandstone, siltstone and claystone. Bedrock drilling conducted at and in the vicinity of the site has
encountered primarily red shale. The Brunswick has been intruded by igneous rocks regionally. In
the vicinity of Chemsol, no igneous intrusions or contact metamorphic effects or alterations have been
observed. Boring logs from the site indicate bedrock is generally 3 to 14 feet below the ground
surface. The reddish-brown unconsolidated deposits overlying the bedrock are residual soils, derived
from the weathering of the rock. The soils are composed of silt and clay with some sand.

The Brunswick Formation regionally strikes northeast-southwest and dips approximately nine degrees
northwest. Studies conducted in the Brunswick report that fractures occur primarily along bedding
planes and at a near-vertical orientation. Bedrock does not outcrop in the vicinity of the site;
however, in 1983, Lancy cored the bedrock at the site, which provided data on the subsurface
conditions. Lancy described both near-horizontal and vertical fractures in the bedrock cores;
however, the strike of the fractures was not described. Fractures occurred at a frequency generally
between 20 and 30 per 5-inch core segment throughout the length of the 315-foot boring.

So that proper planning and investigative techniques could be proposed and eventually performed for
the RI/FS, COM Federal performed a hydrogeological assessment that included the following
activities:

Reviewed and evaluated all previous and ongoing site geological and hydrogeological
investigations and all relevant groundwater chemistry data,

Reviewed the literature on the regional geology of the aquifer,

Conducted a one-mile radius well search,

Determined the integrity and condition of all site monitoring wells,
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Ran suites of geophysical logs (gamma, caliper, casing-collar locator, temperature,
single-point resistance and specific conductance) in 12 of the existing wells,

Conducted two rounds of groundwater level measurements,

Examined and described cores from three wells drilled in 1992 by McLaren/Hart
(M/H),

Evaluated whether any of the monitoring well groupings should be modified based on
their elevation or the site stratigraphy, and

Synthesized the available information to establish a preliminary conceptual
hydrogeologic framework for the site.

Based on the preliminary framework provided by the results of the assessment, CDM Federal
performed the work as described below

1.2.4.4.1 OVERBURDEN

The site soil was investigated and described during soil sampling and shallow monitoring well
installation activities. Continuous split spoon samples were collected from 102 soil boring and three
shallow monitoring well locations (see Figure 1-5). The split-spoon samples were collected using the
method outlined in ASTM D 1586-84. In general, the thickness of the soil was determined to vary
between three and five feet.

1.2.4.4.2 BEDROCK

Bedrock core samples were collected from proposed well locations, DMW-11, DMW-10, DMW-9,
C-10, C-9 and C-8, to complete the characterization of the site stratigraphy and to assist in the
interpretation of geophysical logs from uncored holes. The following wells and depths were cored:

Well DMW-11: Competent bedrock (25 feet) to 250 feet below grade;
Well DMW-10: 128 feet to 185 feet below grade;
Well DMW-9: 100 feet to 120 feet below grade;
Well C-10: 110 feet to 140 feet below grade;
Well C-9: 110 feet to 135 feet below grade; and
Well C-8: 130 feet to 157 feet below grade.

The air rotary method was used to advance the coring bit. Continuous samples were collected using
a wireline size-NQ core barrel with an Acker Soil-Max rig at DMW-11, DMW-10 and C-9.
Continuous samples were collected using a conventional size-NX core barrel, with a Schramm rig at
DMW-9, C-10 and C-8. Core logs are described in Appendix B of the RI Report.
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1.2.4.5 SOIL AND VADOSE ZONE INVESTIGATION

1.2.4.5.1 SOIL SAMPLING

Analytical data from previous soil investigations indicate that site soils are contaminated with PCBs,
metals, and volatile organic compounds (VOCs) in the Lot IB area. A soil removal action was
performed at the site, however, available post-excavation data demonstrates that contaminated areas
had not been properly removed. Several areas of Lot IB that may have been heavily used during peak
operations had not been sampled. Additionally, soil samples had not been collected from Lot 1A in
past investigations.

Therefore, to address the data gaps, an extensive soil sampling program was conducted during the
RI. The complete characterization of soil contamination on the site is required for evaluation of
source control and remediation measures during the FS.

The sampling program was designed based on an extensive grid system, the site historical usage,
EPIC aerial photographs, and previous investigation findings and sampling results. The sampling
locations are shown in Figure 1-5.

The soil sampling program was based on the following rationale:

Five groups (Groups A to E) were developed for the extensive sampling program. Group A samples
were collected at 200 foot grid spacing in Lot IB and 400 foot grid spacing in Lot 1A. These
samples were analyzed for TAL/TCL parameters. Group B samples were collected from Lot IB at
a 100 foot grid spacing and field screened for PCBs by using ENSYS immunoassay test kits. Group
C samples were collected from 1) biased sampling locations selected based on EPIC aerial
photographs and previous investigations and 2) a 50 foot grid spacing around the sample locations
(from group B) for which PCB field screening results were positive. The biased Group C samples
were field screened for PCBs. Group D samples were collected as confirmatory samples for
TAL/TCL analyses, and consist of approximately 30 percent of samples from Groups B and C.
Group E samples were collected uniformly from Lot IB for TCLP analysis. The group
designations/analytical methods corresponding to soil sample identification numbers are shown in
Table 1-1 The field documentation of the PCB screening analyses is recorded in Appendix G of the
RI Report.

Soil borings were drilled at the 102 locations with hollow stem augers and continuously sampled with
the split spoon sampler to top of the weathered bedrock or when the auger hit refusal. The first
sample was collected generally from the surface to approximately two feet below grade. The other
sample was collected from the top of weathered bedrock where the split spoon encountered refusal.
According to the EPA approved Work Plan, the first sample was to be collected from zero to
eighteen inches below grade. The COM Federal ARCS II team retained two samples for analysis
from each bore hole. A sampling summary of the soil boring locations and depths are given in Tables
1-2 and 1-3 for surface and subsurface boring locations, respectively. All boring holes were
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abandoned by grouting with the tremie method.

1.2.4.6 GROUND WATER INVESTIGATION

The hydrogeologic investigation was proposed to further delineate the vertical and lateral extent of
on-site and off-site contamination, refine the understanding of groundwater flow patterns, and
estimate aquifer parameters.

1.2.4.6.1 MONITORING WELL INSTALLATION

Groundwater samples collected during previous investigations indicated that contamination exists in
the perched zone of the overburden and partially weathered rock (approximately five to ten feet
below the surface), and in the consolidated aquifer (approximately 20 feet to the maximum well depth
of 350 feet below the surface). Additional monitoring wells were installed to determine the vertical
and lateral extent of contaminant migration and to define groundwater flow patterns controlling
contaminant migration. The locations of the new and existing monitoring wells are presented in
Figure 1-6.

Wells previously installed at the site have been grouped by their depth below grade without regard
for elevation. This type of grouping did not consider the structural hydrogeologic framework of the
site and did not consider that groundwater flow in the bedrock is controlled primarily by the
orientation of stratigraphic units and fractures. Fractures in the Brunswick Formation occur primarily
along bedding planes, which dip approximately at 9 degrees northwest, and at near vertical
orientation. Additionally, variations in lithology may cause some stratigraphic units to be more
fractured than others. These factors may influence groundwater flow patterns sufficiently that wells
open to the same elevation relative to mean sea level may not actually intercept the same water
bearing zones. Therefore, another major objective of this investigation was to reclassify the existing
monitoring wells based on their relationship to the hydrogeologic framework of the site.

The new monitoring wells have been installed for the purpose of collecting groundwater samples for
chemical quality analysis. Monitoring wells have been placed in clusters with new or existing wells,
so that information on vertical gradients and vertical groundwater chemistry profiles can be obtained.

Monitoring wells DMW-10, C-8 and C-6 were located in the northwest section of the Chemsol
property in efforts to close existing data gaps in both bedrock and deep bedrock zones. Monitoring
wells DMW-10 and C-6 were installed as a cluster adjacent to existing shallow well TW-10.
Monitoring well C-8 was installed as a cluster adjacent to existing wells MW-103 and TW-3.

The drilling was carefully monitored by a COM Federal geologist and changes in drilling
characteristics, flow of water from the borehole, and rock type were noted. Fracture zones were
noted and described for integration into the geologic and stratigraphic site database.
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OVERBURDEN

COM Federal installed three overburden wells; OW-12, OW-13 and OW-14 during the RI
Overburden monitoring wells were installed in the southwest portion of the site in an effort to close
existing contaminant data gaps.

The overburden monitoring well installation was conducted using the conventional hollow-stem auger
method of drilling employing 6-1/4-inch inside diameter (ED) augers. A nominal 10-inch diameter
boring was advanced from ground surface to the top of the weathered bedrock. This weathered
bedrock is a relatively impermeable unit that is believed to be responsible for the perched water
conditions. The depth of the weathered bedrock surface and the zone of saturation was determined
by observing split spoon soil samples. Soils were classified in the field using a modification of the
Unified Soil Classification System, boring logs can be found in Appendix F of the RI Report.

The depths of overburden monitoring well screens are:

OW-12 set at 7 to 12 feet below ground surface (BGS),
OW-13 set at 6 to 11 feet BGS, and
OW-14 set at 6 to 11 feet BGS.

See Appendix C of the RI report for well construction details.

BEDROCK

All bedrock monitoring wells were installed using the air rotary drilling method. A nominal 12-inch
boring was advanced at least 10 feet into competent bedrock, the hole was fitted with an eight inch
diameter steel casing. The remainder of the hole was ultimately (some core samples were collected
initially) drilled with a nominal eight inch drill bit. Depth and diameter of the boreholes can be
obtained from Appendix C of the RJ report, which also includes the well construction details.

Bedrock monitoring wells were double cased, with 8-inch diameter carbon steel casings set 10 feet
into the bedrock. The casings were securely grouted in place using tremie methods. The grout was
aliowed to set for a period of no less than 24 hours before advancing the boring to its final depth with
a nominal 8-inch diameter hammer bit. Bedrock wells were advanced to the depths specified in Table
1-4. Four inch diameter Type 304 stainless steel casings and screens were installed to complete the
well.

Monitoring wells DMW-11, DMW-10, DMW-9, C-10, C-9, and C-8 were cored to complete
stratigraphic characterization of the site and to assist in the interpretation of geophysical logs in
uncored holes. Prior to installing the inner 4-inch diameter casing and well screen, geophysical
logging of each bedrock hole was performed to assist in the characterization of the lithologies and
to locate proposed packer test intervals in each boring.
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In monitoring weils DMW-11, DMW-10, DMW-9, C-7, C-6, and C-2 (existing production well
rehabilitated into monitoring well) packer tests were performed on the open bedrock hole prior to
setting the inner 4-inch diameter casing. Packer tests were conducted to assist in characterizing the
hydrogeologic framework at the site and to select final well screen intervals as they correspond to
high flow zones.

UPPER BEDROCK

Existing well control in the upper bedrock zone was inadequate to delineate contamination and
provided limited flow data. The interval contains VOC contamination up to 5,000 ppb and is
hydraulically connected to well C-l, in which VOC concentrations above 500,000 ppb were detected.
The interim groundwater extraction remedy calls for extraction of site contaminants to this level
(depths of 130 feet BGS). Therefore, CDM Federal installed five additional wells at this horizon (C-6,
C-7, C-8, C-9, and C-10) to better delineate the extent of contamination and to check the
effectiveness of the remedial extraction system.

LOWER BEDROCK

The well network monitoring the deep bedrock zone was required to be upgraded. Therefore, three
additional wells (DMW-9, DMW-10 and DMW-11) were installed to obtain additional information
for this interval.

1.2.4.6.2 INSPECTION/REHABILITATION

The integrity of the existing monitoring wells was inspected. The cement collar around each well was
checked for degradation. Also, the well depths were measured and compared to documented depths
to determine if sediment had accumulated in the bottom.

Various wells were determined to be unacceptable for monitoring purposes and were slated for
abandonment. Chemsol production well C-2 was located, inspected and (after discussion between
EPA, NJDEP and CDM Federal representatives) determined to be salvageable and used as a
monitoring well.

An attempt to abandon C-2 was undertaken sometime in the past prior to this investigation. CDM
Federal removed the abandonment material (bentonite slurry) with a submersible pump and
determined that converting it to a monitoring well was possible if fractured flow zones had not been
compromised.

C-2 was logged using several downhole geophysical techniques to identify the subsurface
characteristics and to determine possible transmissive zones. Geophysical logging packer testing data
confirmed a highly transmissive zone located at 266 to 286 feet below ground surface. It was
determined that this interval would be screened as a deep monitoring well.
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Production well C-2 was initially constructed in the 1950's. Its total depth was greater than 300 feet,
but an accumulation of fines due to age and the previous abandonment attempt had made accurate
measurement impossible. The production well was constructed as an open borehole cased with 6 inch
carbon steel from ground surface to 50 feet below grade.

Monitoring well C-2 was added to the Chemsol list of ground water sampling points and was
subsequently sampled for full TAL/TCL analysis during CDM Federal's first and second rounds of
sampling in March and October of 1994.

1.2.4.6.3 ABANDONMENT

A review of construction logs indicated the earlier MW-series wells installed under supervision of J.
W. Patterson and Associates may have provided a pathway for the migration of ground water from
the perched zone to the water table. To ensure this pathway is impeded these wells have been
abandoned as per NJDEP protocols (NJSA 58:4A-4.1 and 58:4A-4.3 and NJAC 7:9-7 and 7:9-9).
Also, an inspection found wells OW-3 and OW-7 to be structurally unacceptable and unusable for
monitoring purposes. These wells were likewise abandoned during the RI.

All MW-series wells were logged using various geophysical techniques prior to abandonment. The
data has been used to provide information in evaluating the site hydrogeologic framework. Wells
MW-2, MW-3, MW-5, MW-7 and MW-8 were abandoned after geophysical data was analyzed. If
the casing could not be removed, it was pierced throughout its entire length to ensure proper sealing
of the borehole, including the annular space. All wells were grouted to the surface regardless if the
casing had been pulled or not. Those wells in which casing lengths were perforated instead of
removed had their protective casing cut down to grade.

1.2.4.6.4 GEOPHYSICAL LOGGING

Geophysical logging was completed in accordance with Section 5.3.4 of the EPA-approved work
plan. A total of 30 wells were logged, including 8 of the 12 new monitoring wells installed as part of
this RI. Only the deepest well in a given cluster of wells installed to varying depths was geophysically
logged.

The following suite of geophysical logs was run on each well: natural gamma, single-point resistance,
spontaneous potential, temperature, and caliper. In addition, fluid conductivity logs were completed
in wells C7, C8 and DMW-10, while a casing collar locator was run on wells installed prior to the RI
field effort to verify the precise depth to the bottom of existing casing.

All logs were run using a Mt. Sopris MGX-200™ digital logger. Logs were collected digitally and
downloaded in the field onto a portable computer. Select logs were also sent to a field printer in real
time. All logging instruments were calibrated by the manufacturer prior to shipment, and calibration
standards were checked periodically in the field to ensure that high quality, reliable data was
collected. To eliminate fluid column disturbances caused by movement of logging probes,
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temperature and fluid resistivity logs were the first measurements recorded in the logging sequence.

The complete suite of geophysical logs is provided in Appendix D of the RI Report. The specific
objectives of the logging exercise were to identify fracture zones and determine lithologic
characteristics of the Brunswick Formation across the site, and to aid in the selection of intervals to
be tested during the packer testing program.

Several of the holes logged were monitoring wells with long casings and open or screened intervals
of only 20 to 25 feet. In these wells, only the gamma log provided useful geologic information across
the cased portions of the boreholes.

Generally, the following observations can be made from the logs presented in Appendix D of the RI
Report:

• Caliper logs provided the most reliable information on fracture zones for the purposes
of packer testing, while the natural gamma logs were most useful in determining
lithologic changes.

• In conjunction with available rock cores, both the caliper and gamma logs were used
to verify the existence of fracture zones and marker horizons such as the "marker
shale" described below.

• A major fracture zone occurs in all open holes logged immediately above the marker
shale sequence described in Section 3.5 of the RI Report. While other fracture
zones/horizons were defined in individual holes, no other significant fracture zones
can be correlated across the site with any degree of certainty.

• Single-point resistance and spontaneous potential (electric) log response correlated
approximately with gamma log response, however, there did not appear to be any
significant fracture-related response in the electric logs when compared with the
caliper logs and rock cores.

• Temperature logs were of limited use. No significant temperature changes were
observed in the uncased portions of boreholes.

• Certain caliper logs suggest that the physical integrity of well casings may have
deteriorated with time. Other than being able to identify joints in the casing, the
caliper logs suggest the presence of rough casing surfaces, probably as a result of
corrosion. The rough surfaces occur mostly near the top of each well. The possible
existence of perforations in any well casings can not be ascertained at this time with
the available data.
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1.2.4.6.5 PACKER TESTING

Packer testing was performed in select boreholes in accordance with Section 5.3.4 of the EPA-
approved work plan. Packer tests were conducted to assist in characterizing the hydrogeologic
framework at the site and to select final well screen intervals as they correspond to high flow zones.
Three rounds of packer testing were completed: in wells DMW-11 (Round 1), DMW-9 (Round 2),
and DMW-10 (Round 3). Details on these tests are provided below.

The purpose of the packer testing program included:

• to qualitatively determine the degree of hydraulic connection (interconnectivity)
between fracture zones;

• to identify hydraulic effects, if any, of suspected hydraulic and/or lithologic barriers;
and

• to qualitatively assess potential ground water extraction rates that will need to be
pumped during remediation of the bedrock aquifer.

These objectives were met by pumping isolated fracture zones in a given borehole, and observing
water level changes in existing monitoring wells at varying distances and depths across the site. The
information obtained has assisted CDM Federal in defining a conceptual remediation strategy for the
site at the FS stage in terms of the approximate number of extraction wells which may be required,
the approximate depths from which extraction should take place, and defining potential ranges of flow
rates over which hydraulic control of the site can be achieved.

Both single-packer and dual-packer assemblies were used during the testing program. A single packer
consists of a single rubber gland located above the pumped interval attached to a two-inch diameter
steel pipe located above the pumped interval. A submersible pump is located in the lower, isolated
interval. The dual-packer assembly consists of two pneumatic rubber glands attached on the opposite
ends of a two-inch inner diameter, perforated steel pipe whose length can be adjusted depending on
the length of the interval to be pumped. A submersible pump is located in the hydraulically isolated
interval between the two inflated packers.

Prior to each round of packer tests, background water level data was collected for a period of up to
five days from the pumping well and several of the observation wells which were monitored during
a given test. Water level monitoring was performed by installing pressure transducers in each
observation well and connecting these to multi-channel In-Situ™ data loggers. Between individual
tests, water levels were collected continuously to the extent possible. Some gaps exist in the record
either as a result of transducer failures, or because transducers had to be temporarily disconnected
to allow for downloading of data. Within the wells pumped, larger data gaps exist in the record since
water level monitoring had to be interrupted in order to be able to move packer equipment inside the
borehole between individual tests.
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Water levels within each pumped borehole were collected by installing pressure transducers above,
within, and below the packer assemblies. Immediately prior to the start of each data logger, water
levels were measured manually in all observation wells from top of casing and were recorded in the
field log books.

During each round of testing, rainfall and barometric pressure data was obtained for Newark Airport
(approximately 25 miles to the northeast of the site)from the National Climatic Data Center for the
corresponding period.

The ground water generated during the testing was contained on-site in 20,000-gallon Baker™ tanks.
The packer assemblies were decontaminated prior to usage in each well.

Tested intervals were generally 14 to 25 feet in length. No interval was pumped for more than 5
hours, with one exception. A 24-hour test was performed over a 100-foot interval in well DMW-11.
Three rounds of packer tests were completed in wells DMW-11 (Round 1), DMW-9/C-6 (Round 2)
and DMW-10/C-7 (Round 3). The minimum number of intervals tested in a single borehole was three
(in well DMW-10), while the maximum number of intervals tested in a single borehole was five (in
well DMW-11). In addition, a single test was completed in well C-2 (located immediately adjacent
to well DMW-11) as part of Round 1 testing.

Table 1-5 summarizes the packer testing program. Hydrographs of all wells monitored as part of the
testing program are presented in Appendix E-l of the RI Report, along with barometric pressure data
for the corresponding period.

1.2.4.6.6 GROUND WATER SAMPLING

Two rounds of groundwater sampling activities were proposed for this RI. One round was to be
collected during a wet period and the other during a drier period to provide information on seasonal
impacts to groundwater quality. The wet season round of groundwater samples was collected in
March of 1994. The second round of sampling was performed in October 1994 after the start of the
interim groundwater remedy.

Groundwater sampling was conducted to establish the concentrations and extent of contamination
both on-site and migrating to off-site locations. Samples were collected from the existing and newly
installed wells (49 wells total). Groundwater samples were analyzed for full Target Compound
List/Target Analyte List (TCL/TAL) compounds using the EPA Contract Laboratory Program
(CLP). These data were used to assess groundwater treatment alternatives.

1.2.4.6.7 OFFSITE RESIDENTIAL AND INDUSTRIAL WELLS

One-Mile Radius Well Search

In order to locate other area wells whose pumping might influence the flow field at the Chemsol site,
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or that might act as downgradient receptors of Chemsol-related contamination, COM Federal
searched NJDEP Bureau of Water Allocations files for registered industrial, residential and public
supply wells within a one-mile radius of the site. Over 80 wells were found, the majority being
monitoring wells from the Chemsol site. Twenty-nine off-site wells with mappable addresses were
identified (Table 1-6). The wells identified are shown in Figure 1-7. The nearest industrial wells,
located approximately 400 to 600 feet south of the site were shut down by NJDEP in 1990 due to
VOC contamination. Additional wells that have not been registered with NJDEP are known to exist
in the residential areas. NJDEP has identified and sampled 49 residential wells in the Nova Ukraine
area (NJDEP, 199 la). CDM Federal has not verified the locations of these wells.

Effects of Residential or Industrial Pumping on Site Groundwater

McLaren Hart's 7-day continuous background water level monitoring in October 1992, prior to
performing their 72-hour pumping test, showed a daily cycle of water level changes in many
monitored wells. The overall trend of water levels rose during the middle of the week, reflecting a
rainfall event. However, smaller, cyclical water level changes were evident superimposed on the
larger curve, on all days of the week. The daily water level changes on days not impacted by rainfall
were two to three tenths of a foot. The effects were most noticeable in the upper bedrock "C" series
wells and were less evident in the shallow upper bedrock "TW" series wells. The one intermediate
well monitored (DMW-5) showed a similar response to the "C" series wells.

The maximum drawdown during the pumping cycle occurs in the early evening around 7:00 p.m.,
while maximum recovery occurs in the early morning, around 7:00 a.m. The pumping wells therefore
apparently operate during the day, including weekends, and are shut off at night. The effect of off-
site pumping on site wells is not large; CDM Federal speculates that it may be caused by residential
wells or by industrial wells at a greater distance from the site. Almost all of the residences south of
the site in the Nova Ukraine section have been connected to the public water supply. Therefore,
significant pumping is not expected from that area. The closest pumping industrial wells identified
during the one mile radius well search are located approximately 3/4 miles to the west and 7/8 miles
to the east of the site (See Figure 1-7). Another recent search of NJDEP's ISRA files has indicated
that there may be several locations along Clinton Avenue, northeast of the site, where pump-and-treat
remedies may be ongoing.

1.2.4.7 HUMAN POPULATION SURVEYS AND LAND USE INVESTIGATIONS

For the purpose of the site health risk assessment, local demographic and land use data was compiled
from available data bases and updated. The information was evaluated to delineate potential
receptors and exposure pathways.

Information on the size, location and characteristics of the human population living within a one-half
to three-mile radius of the Chemsol site were collected from U.S. Census Bureau reports and/or
Middlesex County Planning Board computer files and reports. Site observations within the area were
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conducted to ascertain proximity to and likely human contact with contaminated media.

A Stage IA Cultural Resources Survey in accordance with the EPA Region II CERCLA/SARA
Review Manual, Section 2.4, was conducted to determine the presence of cultural or historical
resources on the Chemsol site or in the immediate vicinity of the site. This survey is the appropriate
level of an initial study for eventual compliance with the national Historic Preservation Act (NHPA),
to determine the presence or absence of any known cultural resources, and whether further
investigation within the area impacted by remedial action alternatives is necessary. The results of the
survey are published in a report dated December 1993 prepared by CDM Federal's subcontractor.
The survey found that it is highly unlikely that any significant cultural resources of either the historic
or prehistoric periods could be preserved in Lot IB, due to the shallow nature of the potentially
culture-bearing deposits and the extensive disturbance of the ground during the facility's operations.
For Lot 1 A, the survey determined the need for additional studies to be performed in the eastern
portions of Lot 1A beyond the northern boundary of Lot IB. EPA decided to defer such studies to
the next phase of the project.

1.2.4.8 ECOLOGICAL INVESTIGATION

An Ecological Investigation of the 40-acre Chemsol property and surrounding properties was
conducted to characterize existing on-site conditions relative to vegetation community structure,
wildlife utilization and sensitive resources such as surface waters and wetlands. This investigation
was designed to identify discernable contaminant pathways and biological/ecological related ARARs.
This information, together with surface and ground water data was used to assess potential adverse
effects resulting from identified on-site contaminants.

To achieve these goals, surface waters and wetlands were defined and identified, vegetation patterns
and those areas suitable for wildlife habitat were identified and mapped. Additional biological studies
are not planned at this time (i.e. sampling of vegetation and animal tissues).

A review of existing available site data and base mapping was conducted for the purpose of
identifying the characteristics of known contaminants and their potential pathways of exposure and
ARARs. Data that was acquired and reviewed includes U.S. Geological Survey (USGS) and National
Wetland Inventory (NWI) mapping, the Soil Survey of Middlesex County, and aerial photography.
It should be noted that the U.S. Fish and Wildlife Service has indicated that the federally threatened
plant species Helonias bullata (swamp pink) is documented to exist in forested wetlands
approximately 6 miles from the site. EPA conducted a survey and determined that swamp pink does
not exist at the site.

Biological data (species identification and wildlife characterization) was collected for the purpose of
identifying and mapping on-site ecological conditions to determine impacts and possible pathways
of contaminants. Pathways leading off-site were investigated to identify the receiving body of
possible contaminants. As part of the off-site biological investigation, USGS topographic maps and
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National Wetland Inventory (NWI) mapping were used to identify potential off-site receptors in the
areas adjacent to and down-gradient of the site. The following areas were observed and map-located:
water bodies, wetlands, open space (e.g., parks, playgrounds, undeveloped lands) and habitat for
threatened and endangered species. The resulting data was used to compare off-site environmental
conditions to conditions on-site.

In summary:

• Surface waters and wetlands on-site were identified and map-located. Because
overland surface flow is a potential pathway for transporting and depositing
contaminants, streams/drainage courses were identified. The direction of flow, depth
of water, dimensions of the water course, and areas of deposition were also noted.
Wetlands were formally delineated using the currently recognized Federal Manual for
Identifying and Delineating Jurisdictional Wetlands. Data on vegetation, soils, and
hydrology were recorded on the appropriate data forms, wetlands were identified on
site mapping and classified as to type. (See Chapter 7 of the RI Report for results)

• Vegetation patterns were mapped, plant species identified, and percent areal cover
determined for each vegetational stratum. Vegetational communities providing
wildlife habitat were noted and indicated on a site map. In addition, based on New
Jersey Fish and Wildlife data for the area, wildlife species likely to utilize specific area
vegetational communities were identified. These data were used to conduct a
comparative assessment of similar vegetational communities found off-site in the
Piscataway Plain.

• Wildlife observations were recorded. Data collected includes the numbers of
individuals observed, species utilization of the site (i.e., foraging, nesting, migratory
stopper), and species utilization of vegetational stratum (i.e. open field, shrub/scrub,
wooded).

While conducting the wetland delineation, observational information for application of the U.S. Anny
Corps of Engineers Wetlands Evaluation Technique (WET>r Version 2.0. was partially collected to
assess baseline functional values of on-site wetlands. In the event remedial activities will impact
wetlands, the baseline values will be utilized to develop a wetland restoration plan.

1.3 PHYSICAL CHARACTERISTICS OF THE CHEMSOL SITE

The section presents an update on the physical characteristics of the site to augment the existing
database for the site based on CDM Federal's RI.
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1.3.1 TOPOGRAPHY

The Chemsol site is fairly flat and generally slopes downward to the north and east. Local variations
in topography occur along several streams, ditches, and earthern berms on and adjacent to the site.
Surface elevation ranges from 71 to 88 feet above mean sea level. The structures in the former
operating area (Lot IB) were demolished after the facility ceased operations. The former operating
area now is wide open and covered with vegetation. Three concrete slabs were left in place at the
time, of which two concrete slabs still remain onsite in an abandoned state. The onsite interim remedy
groundwater treatment plant was constructed in the former location of the third concrete slab located
in the western portion of Lot IB. Gravel access roads and fences were installed during the previous
and present site investigation activities. Lot IB covers approximately 13 acres. Lot 1A, located
north and east of Lot IB, is mainly covered with trees. Three new soil piles are located just north
of the groundwater treatment plant in Lot IB. These are potentially contaminated soils excavated
by McLaren Hart during the removal of the UST and construction of the treatment plant and
decontamination pad.

1.3.2. METEOROLOGY

The climate of the area surrounding Piscataway is classified as continental with only minor influences
from the Atlantic Ocean. Summer temperatures rarely exceed 100°F but frequently reach the low
90's. The average daily maximum temperature of 86T occurs during the month of July. Winter
readings below 0°F are infrequent. The average daily minimum temperature is 20°F during January.

Precipitation in the area averages about 45 inches per year. The heaviest rains normally occur during
the summer growing season of July and August. Snowfall averages approximately 27 inches per year,
but this number can vary significantly from year to year.

Winds are generally out of the southwest. During winter, winds from the west northwest
predominate. A summary of temperature and precipitation recorded at New Brunswick, NJ during
the fall and winter of 1993-1994 is presented in Table 1-7.

1.3.3 SURFACE WATER AND SEDIMENT

There are ponded water and wetlands at several locations adjacent to surface water bodies on the
Chemsol site. These bodies include a drainage ditch which flows near the northern boundary of Lot
IB (Northern Ditch), a stream flowing north along the eastern edge of Lot IB (referred to as Stream
IB), and a stream flowing north along eastern edge of Lot 1A (referred to as Stream 1A). The
Northern Ditch and Stream IB merge prior to leaving the site. This stream then joins Stream 1A to
the northeast of the site.

Stream 1A is located primarily outside the eastern border of the site, although it does travel through
the site at the very southeastern edge. Stream 1A is labeled "Pumpkin Patch Brook" on the
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Piscataway Township Tax map and "14-14-2-3" on the Flood Insurance Rate Map (National Flood
Insurance Program, 1980). This stream originates to the south of the site, flowing northward, and is
made up of runoff/drainage from an industrial-zoned area. As the stream enters the Chemsol
property, it is an undistinguished shallow drainage channel with a low flow of water. In this area,
heavy truck traffic has occasionally occurred to clear and maintain the utilities corridor; therefore, the
original character of the stream appears to be lost. Farther north, the stream channel reaches
approximately 3.5 feet wide with a cut from the soil surface of 0.5 foot to 1.5 feet. This stream is
an intermittent stream and at the time of the RI was full of debris. The water flow observed in
September and early October 1992 was low to moderately low. The water flow in mid-January 1993
was moderate. The streambed is a sandy silt when adjacent to the Chemsol site. Stream 1A was dry
in the spring and summer of 1993.

A seep is located in the eastern half of Lot 1A. The seep was originally thought to be a point of
groundwater discharge, but was found to be water flowing from a red clay pipe from an unknown
source (possibly a farm drain). The drainage from this seep originates at the point of discharge in Lot
1A and travels into the emergent wetlands in the area of confluence with Stream IB. This drainage
is approximately l'/2 feet wide at the soil surface and has a slow to moderate flow (as observed in
September and October 1992 and in January 1993).

Stream IB enters the site on the southern border of Lot IB through a drainage pipe. The direction
of the flow is northward through the eastern portion of Lot IB into the north central portion of Lot
1 A. This stream apparently originates in the industrial park to the south of the site. The stream is
a moderate trickle of water as it enters the site through a drainage pipe (observations made in
September and early October 1992). As it travels northward in Lot IB, it may have collected some
surface water runoff from a previous artificially wet area. At this point, the stream channel is
approximately 2.5 feet wide and approximately 2 feet below the soil surface. When the stream enters
Lot 1 A, it is closer to the soil surface and meanders as it reaches the confluence of the seep drainage
and drainage ditch. The streambed is silty. In the confluence area, the stream loses most of its form
as it travels through the emergent wetlands. During all previous site visits (1992 through 1995),
flowing water was observed in Stream IB.

The Northern Ditch, originates at the western border of Lot IB and it connects to drainage channels
at the western border of Lot 1 A. It is predominantly straight and is approximately 4 feet wide along
its length. At the time of field inspection (September and early October 1992), the ditch was
saturated, but with no standing water, (except at the confluence with Stream IB). During a
subsequent field visit (mid-January 1993), the ditch was full of water.

The Northern Ditch discharges into Stream IB prior to leaving the site. This stream then joins
Stream 1A to the northeast of the site. Stream 1A meanders for approximately 1.5 miles northeast
and empties into Bound Brook, located in Spring Lake County Park. From the park, Bound Brook
flows west for 1 mile and empties into the east end of New Market Lake. Water exits the west end
of the lake and flows for approximately 2.25 miles west-northwest, emptying into Green Brook.
Green Brook flows south for 2.5 miles, finally discharging into the Raritan River (USEPA, 1992b).
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The entire length-of Bound Brook is classified by the State of New Jersey as FW2-NT (nontrout)
(NJDEP, 1991).

The Round One sediment sampling grain size analyses showed the majority of the samples to be a mix
of sand, silt and clay mostly, with only four samples having a significant amount of gravel. The
Round Two sediment sampling grain size analyses again showed that the majority of samples were
a mix of sand, silt and mostly clay, with only two samples having a significant amount of gravel.
These results show that as expected, sand and silt make up the greatest percent of the sediments.

1.3.4 GEOLOGY

The Chemsol site is located in the Newark Basin, a geologic province composed of Late Triassic
rocks that extend from Rockland County, New York, across central New Jersey, and into Lancaster,
Pennsylvania. The basin, which is approximately 140 miles long and up to 32 miles wide, is bounded
to the northwest by a system of high angle faults. These faults separate the Late Triassic rocks of the
Newark Group from pre-Cambrian and Paleozoic rocks of the Highlands Province. To the southeast,
the Newark rocks are overlain by unconsolidated to semi-consolidated Cretaceous and younger
sediments of the Coastal Plain (Van Houten, 1969).

The Newark Group rocks are primarily non-marine sediments, with some intrusive and extrusive
igneous rocks. The formations generally strike northeast and dip 5° to 20° northwest. The overall
monoclinal structure is modified by broad warping into anticlines and synclines. Several major high
angle faults have been mapped in the basin. Some faults in the central portion of the basin have
vertical displacement on the order of thousands of feet.

The stratigraphic section of the Newark Basin is similar to other Triassic basins. The basal unit is the
Stockton Formation (maximum thickness 6,000 feet), an arkosic, locally conglomeritic formation of
fluvial origin. The Stockton grades up to a reddish brown mudstone of the Brunswick Formation,
estimated up to 16,000 feet thick. In the central part of the Newark Basin, the Stockton and
Brunswick are separated by and interfinger with the dark gray to reddish brown argillite of the
Lockatong Formation (3,750 feet thick).

Sediments in the lower portion of the basin were intruded by a thick diabase sill and an associated
system of dikes. The upper portion of the stratigraphic columns contains the three multiflow unit
extrusive sequences that form the Watchung Mountains. The sedimentary rocks adjacent to both
intrusive and extrusive igneous rocks have been altered to various extent.

Of the three units within the Newark Group, the site is underlain by the Brunswick Formation. The
late Triassic Brunswick Formation was defined by Kummel (1897) based on the type location
observed in outcrops of reddish brown mudstone along the banks of the Raritan River, in New
Brunswick, New Jersey. Van Houten (1969) describes thin units of dark gray mudstone being
distributed through the formation at 350 to 400 foot intervals matching those in the upper part of the
Lockatong Formation. More specifically, the Chemsol site is underlain by the pre-volcanic portion
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of the Brunswick Formation, which is referred to as the Passaic Formation (Olsen, 1980). The Passaic
Formation of Triassic age, conformably and gradationally overlies the Lockatong Formation and
underlies the Orange Mountain Basalt units of the Brunswick Formation. The Passaic Formation has
been intruded by igneous rocks regionally, however, no such intrusions have been reported in the
vicinity of the Chemsol site.
Regionally, the Passaic Formation strikes northeast-southwest and dips approximately 10 degrees to
the northwest. Studies conducted in the Passaic (Michalski, 1990; Michalski and Klepp, 1990) report
that fractures occur primarily along bedding planes and at a near-vertical orientation.

Jointing in the Passaic Formation is common and systematic, with the primary joint set typically
striking northeast-southwest and dipping to the southeast (J. Boyle; New Jersey Geological Survey
[NJGS], personal communication). High-angle, secondary joint sets have also been described (J.
Boyle; NJGS, personal communication) oblique to strike and perpendicular to bedding and primary
joints. Such cross-joints add to the fracture permeability of the bedrock and provide interconnection
between principal joints.

Although the Passaic Formation has been identified by previous work to be the bedrock underlying
the site, the more common Brunswick Formation term will be used in this report to refer to the
consolidated deposits. Brunswick will be used due to the name's widespread and historical use to
describe the formation and its acceptance in the industry.

1.3.4.1 SITE GEOLOGY

Fifty monitoring wells, excluding piezometers with the prefix PZ, have been installed at the site. Nine
of these wells (wells with prefix OW) monitor the overburden or partially weathered bedrock and the
remaining 41 wells (wells with prefix TW, C, DMW and MW) are completed at various depths in
competent bedrock. It should be noted that monitoring well OW-15 was installed in October 1995,
in Lot 1A (near the confluence of Stream IB and the Northern Ditch) by the private parties after the
RI report was prepared and is not shown on any of the site figures prepared by CDM Federal.

Three of the overburden wells (OW-12, OW-13, and OW-14) and eight of the bedrock wells (C-6,
C-7, C-8, C-9, C-10, DMW-9, DMW-10, and DMW-11) were installed during this investigation.
The drilling logs of these 11 wells are presented in Appendix A of the RI Report. Coring and well
construction logs for the wells are provided in Appendices B and C, respectively of the RI Report.
The logs of the shallow boreholes (in addition to the soil borings described in Section 3.7 of the RI
Report) aided in determining the type and depth of unconsolidated deposits at the site. Rock cores
retrieved during the drilling of the bedrock wells (in addition to the drilling logs) were used to
characterize the site geology with emphasis on a previously identified gray shale. For simplification,
the 41 "bedrock" wells will be referred to as wells and, when discussed, the eight shallow wells
(excluding well OW-15) will be specifically identified.

The bedrock at the site is overlain by a thin veneer of overburden comprised of heavily weathered
bedrock, clays and silts (weathered products of the bedrock), and fill. This unconsolidated veneer
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was determined to be typically three to six feet thick. No less than a two foot thickness was
encountered and a maximum thickness often feet was measured at one location.

The Brunswick Formation underlies the thin overburden at the site. Based on coring and drilling logs,
in summary, the rock is comprised of reddish brown interbedded mudstones (massive), shales, and
siltstones. Also, the previously identified gray shale was encountered and is described as a dense,
laminated, purple to red brown shale near the top and sometimes laminated, black to gray shale at the
bottom. This bed is approximately 15 feet thick at each of the eight wells drilled for the investigation.
The method of triangulation using this bed estimates the formation to strike N 59° E and dip to the
northwest at 9 °. Covered with approximately five feet of overburden, the trace of the gray shale at
the surface trends across the southeast corner of Lot 1-B (Figure 1-8).

The wells drilled during this investigation did not encounter any other lithologies or pronounced
lithologic changes (e.g. gray shale). However, drilling logs from previous site investigations (HLA,
1990; AGES, 1988) indicate that a gray lithologic unit exists at stratigraphic depths greater than those
that were advanced to during this investigation. This deep gray unit appears to lie approximately 225
feet below the gray shale.

Figure 1 -9 presents a schematic cross section indicating the gray shale and the deep gray unit with
the relative monitoring interval positions of 40 (TW-5 not included since it monitors the same interval
as TW-5A) site wells. Wells not completed in competent bedrock (OW and PZ series wells) are not
included in the diagrams. The thickness and position of the gray shale has been refined based on
borehole geophysical data for wells installed during this investigation. The thickness and position of
the gray shale and the deep gray unit at pre-CDM Federal investigation wells has not been refined
with geophysical logs; only drilling data from the previous investigations has been used.

The results of the suite of geophysical logs run in the wells correlated well with the drilling/coring
lithology descriptions. The natural gamma log responded with a predominant positive peak at the
gray shale discussed above. In wells installed during previous site investigations, the gray shale was
also detected with the natural gamma tool. Also, the deep gray unit that was described in previous
site investigations was identified with the natural gamma tool in most of the deep wells where the unit
has been reported to be encountered.

The caliper log revealed that at the locations penetrated by wells C-6/DMW-9, C-7/DMW-10, C-8,
C-9, C-10 and C-2/DMW-11, a fracture zone approximately five to ten feet long exists immediately
above the gray shale. By the caliper logs of the three deepest wells drilled (DMW 9, 10, and 11)
during this investigation it appears that the fracture frequency or size of fractures does not vary
according to depth within the borehole The orientation of the fractures were not determined during
this investigation.

1.3.5 HYDROGEOLOGY

Throughout its extent, the Brunswick Formation serves as an important supply of water for
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municipal, residential and industrial wells. Estimated well yields reported by drilling contractors on
well construction logs in the vicinity of the site indicate that the Brunswick yields from 10 to 190
gallons per minute (gpm).

Groundwater recharge in the Triassic formations occurs at topographic high locations, and discharge
occurs in streams, following relatively short pathways primarily through the shallow parts of the
aquifers (Lewis-Brown and Jacobsen, 1995). Groundwater divides mimic surface water divides. The
Middlesex County 208 Area-Wide Study (Geraghty and Miller, 1976) presents a water table map,
which shows the vicinity of the Chemsol site to be on or near a groundwater divide from which
groundwater flows northerly, toward Bound Brook, and southerly, toward Ambrose Brook. A
deeper regional flow pattern from the topographic high of the Watchung Mountains to the Raritan
River may also exist. However, the degree of fracturing and therefore, the hydraulic conductivity in
the Brunswick Formation generally decreases with depth (Barksdale, 1943).

Due to its fine-grained composition, the primary effective porosity of the Brunswick Formation is
low. Groundwater movement within the aquifer is controlled by fracture flow. Flow is reported as
being typically anisotropic. Michalski (1990) and Vecchioli (1967) indicate that, regionally, the
shallow bedrock water bearing "zone" is a fractured media which shows preferential drawdown
during pumping along the formation strike, which is to the northeast-southwest.

Michalski (1990) generated a conceptual flow model for the Brunswick (Passaic) Formation which
described the aquifer as a "leaky-multi-unit aquifer system, which consists of thin water-bearing units
and much thicker, strata-bound intervening aquitards". He believes that groundwater flow is
influenced by bedding features and by the contrast in degree of fracturing. Based on studies in central
New Jersey, Michaelski noted that irregularities of the reported potentiometric surface are common
in the Brunswick Formation He suggests that these differences result from the positioning of open
well intervals in different hydrologic units of the formation. Significant head differences can exist
between individual horizons. Therefore, unless the structure of the formation is accounted for,
erroneous conclusions may be drawn from water level data regarding flow directions.

1.3.5.1 SITE HYDROGEQLOGY

Groundwater at the site occurs in a perched zone approximately two to six feet below the surface in
the overburden; in the bedrock aquifer, groundwater is encountered from approximately 10 to 26
feet below the surface. The perched groundwater appears to be located on top of the bedrock surface
and the deeper groundwater is occurring in fractures that display good interconnectiveness, but the
gray shale (or the gray shale and a related fracture zone) does display some characteristics that may
classify it as a hydraulic barrier.

1.3.5.1.1 Water Bearing Zones Identification

During the investigation several water bearing zones were encountered by the drilling activities and
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their locations were confirmed, or refined, by the downhole geophysical logs (Appendix D of RI
Report). Drilling/coring, and geophysical logs of wells C-8, C-9, C-10, DMW-9, DMW-10, and
DMW-11 were reviewed to identify the locations of potential water bearing zones in the areas of the
site penetrated by these wells. The shallower wells of the couplets (C-6 and C-7) were not
scrutinized to as great of detail since the logs are assumed to be redundant to their deeper well
partner. Also, since the open hole length of C-2 was approximately 250 feet, the geophysical logs
of this well were reviewed to assist in the identification of water bearing zones. The geophysical logs
of other wells installed prior to this investigation were also considered. However, since their open
hole length is minimal, little interpretation could be performed in identifying water bearing zones, but
the logs were useful in identifying stratigraphy.

A fractured zone approximately 5 to 10 feet wide in vertical thickness is found immediately above
the gray shale throughout the site. This zone appears to be the only zone identified in this
investigation with these characteristics (extensive temporal and spatial size). The zone is a likely
conduit for the movement of groundwater. Stratigraphically above this zone (and above the gray
shale) several water bearing or potential water bearing zones were identified in each location, but
none could be correlated to the extent as the unit immediately above the gray shale. Also, below the
gray shale water bearing zones were encountered (the largest being at DMW-9), but again, none
could be correlated to the extent as the zone immediately above the gray shale.

Cross sections ID -ID1 and 2D-2D1 have been prepared to present the extensive occurrence of the
gray shale and its associated fracture zone. The cross-section key is presented in Figure 1-10. Cross
sections ID -ID1 and 2D-2D' are shown on Figures 1-11 and 1-12, respectively. The sections include
lithologies at well locations in addition to the caliper and natural gamma logs, because these two
borehole geophysical tools are useful in presenting the bedrock characteristics. The caliper log
identifies the strongly fractured zone immediately above the gray shale for boreholes open at this zone
(C-9, C-10, DMW-9, DMW-10, and DMW-11) during the logging activities. The natural gamma
log (in conjunction with the lithologic log) locates the gray shale with a peak to the right in both
cased or un-cased boreholes. Note that the natural gamma tool detected the location of the deep gray
unit in the deep wells that were installed during previous investigations (DMW-4, DMW-6, MW-101,
and MW-102) with a peak to the right. In some cases, the deep gray unit does not coincide perfectly
with the natural gamma peak. This offset is a result of only illustrating the lithology changes as
reported in drilling logs of previous investigations and not refining the locations based on the natural
gamma results.

Additionally, if the refined location of the deep gray unit at MW-104 was projected to DMW-2 along
dip, the unit would occur at approximately 138 feet below MSL. This depth is the location of the
largest peak to the right for the DMW-2 natural gamma log; thus, indicating the presence of the deep
gray unit. However, the lithology was not refined (it was only reproduced from previous site
investigations), therefore the deep gray unit is not noted at well DMW-2. Figure 1-13 shows cross
section ID-ID' in color and illustrates the lithology (with the geophysical logs removed).
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1.3.5.1.2 Patker Testing Activities

Groundwater Level Monitoring

Groundwater levels were continuously monitored in wells that were scheduled to be used as
observation wells in a planned packer test or round of tests to collect background data. Appendix
E of the RI Report presents the hydrographs of the background water level monitoring in addition
to manual water level measurements that were collected throughout the investigation The
hydrographs presented in the first part of Appendix E were prepared to show the complete record
for each round of testing. These hydrographs were normalized by compiling and plotting all
individual data files for each round of testing on the same time scale and with the same vertical scales.
Water level changes are plotted in feet on the left vertical axis. Barometric pressure in inches of
mercury is plotted on the right vertical axis. Significant events which impacted the record, such as
testing intervals and equipment failures, are noted as appropriate. Hydrographs for each specific test
have also been prepared so that the large drawdowns measured in the pumping zone can be quantified
with an expanded vertical scale on the graph. The raw data for the groundwater level monitoring is
provided in Appendix V of the RI Report.

As observed in the graphs, several external influences were observed to affect the groundwater levels:
barometric pressure, precipitation, and probable offsite pumping activities. Also, two subdued, but
detectable, maximums and minimums were recorded diumally, which could reflect earth tidal effects,
or an offsite cyclic pumping influence. The numerous outside effects make interpretation of water
level and drawdown response difficult.

The severe winter of 1993-1994 provided significant amounts of frontal activity. The fluctuating
barometric pressure influenced groundwater levels at the site. For example, the 0.8 foot water level
rise at TW-4 that maximizes on November 28, 1993 corresponds to a barometric pressure decrease
of approximately one inch that maximizes on the same date. A plot of the barometric pressure has
been included with the hydrographs so the effect can be observed. It appears that the pressure
changes affect the water levels in each well at approximately the same magnitude.

Groundwater levels were influenced by precipitation events, but not to any significant magnitude or
extent that hindered the interpretation of the data. The marked increase at approximately 0500 hours
on December 5, 1993 at well TW-2 is a good example of water level being influenced by
precipitation. This time corresponds to 1.45 inches of precipitation recorded between midnight and
0645 hours on December 5, 1993. Increases due to precipitation were not observed in every well,
but of the wells that were influenced, all monitored the shallow depths of competent bedrock (i.e TW
series wells). Since the precipitation influence on groundwater levels was comparatively small to the
accompanying barometric pressure effect and was observed in only a few wells, the precipitation
record is not included with the hydrographs.

Offsite pumping activities appear to significantly influence groundwater levels at the site. The most
noticeable groundwater level changes due to this effect were observed at well DMW-1 during Round
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2 of the packer testing/water level monitoring activities. The most common times at which
drawdowns occur at this well are from 0700 hours to 1400 or 1500 hours. These large fluctuations
(in some instances, changes of approximately two feet) were not detected in any other well. Smaller
fluctuations at other wells may correspond in time to the large water level changes at DMW-1.
However, since these fluctuations are small (< 0.25 foot), it can not be conclusively interpreted that
the changes are solely from the same activity that is influencing groundwater at DMW-1. The small
fluctuations may be due to another source (e.g. pressure).

Personnel from both the U.S.EPA and the NJDEP that work with the Chemsol site have been
contacted regarding the source of the drawdowns observed at well DMW-1 (i.e. request if a known
pumping source is nearby). Any investigations regarding the observed drawdowns have been
inconclusive.

Finally, bi-daily fluctuations of water levels were observed in all monitoring wells. A good example
of the changes is found at well DMW-2 during the period January 10 to January 13, 1994. The
period and amplitude changes observed in these hydrographs resemble semidiurnal fluctuations
attributed to earth tides The effect of earth tides, which are caused by gravitational forces of the
moon and sun acting on the earth's crust, have been observed in water level fluctuations at locations
far removed from direct or indirect connection with ocean tides (Todd, 1980).

Packer Testing Results

As previously presented in Section 1.2.4.6.5, 12 packer tests were performed during three rounds:

• Round 1 - five tests (pump and packers at DMW-1 l/C-2),
• Round 2 - four tests (pump and packers at DMW-9/C-6), and
• Round 3 - three tests (pump and packers at DMW-10/C-7).

Table 1-5 provides a summary of the packer testing activities.

Aquifer Parameters

Data collected during Round 1 Long Term Test were used to estimate the transmissivity (T) and
storativity (S) values of the Brunswick aquifer at the site. The values were calculated using
drawdown data at the observation wells and recovery data from the pumping zone of DMW-11
(Long Term Test). The solution used to estimate the properties was the method for confined
aquifers. The software package AQTESOLV™ was used to access this method. Table 1-8 presents
the transmissivity and storativity values. Copies of the graph results from the calculations are
provided in Appendix E-2 of the RI Report.

No analytical solutions are directly applicable to the testing method performed for this investigation.
The Theis method was chosen due to its common use in hydrogeology and its simplicity, which
allows possible errors to be easily detected and properly addressed. Therefore, the values should be
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considered cautiously.

Generally, the T values are approximately one foot squared per minute (ft2/min). Also, except for
two wells, the S values are less than 0.002, which suggests that the aquifer is confined. The larger
S values for the two shallow wells (TW-2 and C-9) suggest that the aquifer is confined, but
approaching unconfined conditions above the gray shale. The estimated aquifer parameters are
comparable to the values obtained in previous investigations (McLaren/Hart, 1993 and Harding
Lawson, 1990).

Summary

The packer testing program was extensive and has provided a comprehensive set of data that may be
used to aid in characterizing the hydrogeologic conditions at the site. Several conclusions can be
made that summarize the groundwater properties of the Brunswick Formation at the Chemsol site.

• A majority of the data from the four tests conducted at the gray shale, above the gray
shale, or above and partly into the gray shale indicated that evacuating water from
these zones caused drawdown responses in wells that monitor above or partly above
the gray shale, but not in wells that monitor exclusively below the unit. In the one test
that did not match this trend (Round 1 Test 4), drawdowns in wells monitoring below
the marker shale may be attributable to leakage near the packer in the pumping well.

• Drawdowns of similar magnitude were observed in any direction (parallel or
perpendicular to strike from the pumping well) that monitor above the gray shale
when the pumping zone was above the gray shale. For example, in Round 1 Test 4
measured drawdowns for well TW-3 (perpendicular to strike) and well TW-4 (parallel
to strike) were 1.2 and 1.3 feet, respectively.

• Drawdowns were observed to be transmitted through the beds above the gray shale
of up to 1220 feet in horizontal distance.

• Hydraulic responses were detected across stratigraphic sections of up to
approximately 85 feet. Responses across greater stratigraphic thicknesses may not
have been documented since, due to the thickness of the unit of beds above the gray
shale and the location of existing wells, larger distances were not obtainable.

• The lowest yielding zone that was pumped was the gray shale at DMW-9 (Round 2
Test 3). Maximum drawdown was achieved at this zone with a pump rate of 6 gpm.

Pumping groundwater from below the gray shale causes drawdown responses in
observation wells that monitor below or partly below the gray shale, but, generally,
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not in wells that monitor above the gray shale. In tests where drawdowns were
detected in wells that monitored above the shale, it is possible that the water levels
decrease due to water movement in open boreholes transecting the gray shale.
However, due to the test method, this hydraulic behavior could not be confirmed.

Drawdowns of similar magnitude were observed in wells that monitor below the gray
shale in any direction (parallel or perpendicular to strike) from the pumping zone,
when the pumping zone was below the gray shale. For example, in Round 2 Test 2
(pumping at DMW-9 below the gray shale), the observed maximum drawdown at C-
3, which is near-perpendicular to strike from the pumping well, was 0.60 foot. At a
well parallel to strike from DMW-9, well MW-103, the maximum drawdown
measured was 0.45 foot.

Hydraulic responses were detected within the zone below the gray shale of up to
horizontal distances of approximately 1140 feet. It is possible that larger distances
could be observed, but the maximum distance provided by the observation well array
was 1140 feet. Round 2 Tests 1 and 2 provide good examples of the extensive
hydraulic responses horizontally.

Within the zone below the gray shale, hydraulic responses were detected across
stratigraphic thicknesses of approximately 230 feet (Round 2 Test 2). This was
approximately the maximum stratigraphic separation between a pumped zone and an
observation well monitoring interval below the gray shale. If greater separations were
available, responses may have been observed over greater distances.

In Round 1 Tests 2 and 3, which involved pumping zones in well DMW-11 that were
below the gray shale, no drawdown was detected in well MW-101. During Test 6 of
the same round, which involved pumping a zone below the gray shale at well C-2,
only a possible hydraulic response was identified at MW-101. However, in other tests
that involved pumping water from zones below the gray shale, responses were
detected in well MW-101. MW-101 monitors a zone below the deep gray unit. The
lack of positive responses in some tests may indicate that the deep gray unit has a
possible hydraulic effect. The packer testing activities performed on the deep gray
unit were not very extensive and a concrete conclusion can not be made that
completely characterizes its hydraulic effect.

1.3.5.1.3 Hydraulic Gradient

In geologic units that are homogeneous and isotropic (e.g. clean sand) review of the vertical and
horizontal gradients can provide a reliable indication of the movement of groundwater. However,
in a fractured bedrock medium like the Brunswick Formation at the Chemsol site, the hydraulic
gradient may not represent the movement of groundwater. Rather, it must be recognized that in the
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bedrock, the hydraulic gradient is the driving force behind flow although the actual direction of the
movement of groundwater, which is controlled by fracture orientation, probably is not the same as
gradient direction.

A discussion on both the vertical and horizontal gradients observed at the site in combination with
observations made during the packer testing activities is presented below. However, since the
groundwater is occurring in fractured bedrock the gradients should be scrutinized with caution and
the direction of groundwater movement may not be in the same direction as the indicated gradients.

Vertical Gradients

As discussed in previous reports prepared for the site (HLA, 1990 and CDM Federal, 1993), a
downward vertical gradient dominates across the site. A downward vertical gradient between
hydrogeologic zones identified during this investigation was also recognized to be site-wide. Table
1-9 provides an example of the vertical gradients that were calculated from water level measurements
collected during this investigation. The two sets of data from calendar year 1992 are included to
present the persistence of the downward vertical gradient over time.

As observed previously, the largest vertical gradients are measured between the overburden wells
(OW series) and the shallow bedrock wells (TW series). This comparatively large magnitude is the
result of the water levels in the overburden wells to be approximately five to ten feet higher than the
TW series wells.

Two other trends within the vertical gradients are possible, but since the number of data points is
limited, any conclusion should be considered with caution. The gradient in the hydrogeologic zone
above the gray shale may vary spatially as illustrated for example, from data collected on August 29,
1994 North of the site, where a potentiometric high has been observed, the gradients in this zone
are largest (C-7: 0.04 downward; C-6: 0.14 downward). South and southwest of these points, the
vertical gradient is less with values of 0.008 downward, and 0.003 downward recorded. Also, below
the gray shale, the vertical gradients usually have the magnitude of 10"3. However, the vertical
gradient between C-6 and DMW-9 that is presented in the Table 1-9 is 0.010. This relatively high
vertical gradient may be the result of a potentiometric low at depth in the northeast corner of the site
property.

The most significant characteristic of the vertical hydraulic gradients is that they are consistently
downward throughout the site. Only twice was an upward hydraulic gradient detected. First, the
anomalously different value at wells DMW-5/6 on December 14, 1992 has been suggested to be the
result of poor well construction of DMW-5 where a high water level measurement was recorded.
However, packer testing activities indicated that the well probably was constructed properly (i.e.
measure drawdowns at the DMW-5/6 nest imply no leakage is occurring in DMW-5 from depths
shallower than the zone monitored). Since the gradients are completely different than later gradients,
and the well integrity appears to be acceptable, it is possible that the gradient is the result of an
incorrect water level measurement recorded at DMW-5. Second, on January 11, 1994 an upward
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gradient was detected between wells C-3 and DMW-3. Since the gradient between DMW-3 and
DM\\M from the same date is similar to values from other dates, it is probable that the groundwater
level creating the anomalous gradient is from well C-3. The water level in well C-3 may have been
influenced from offsite pumping activities or an incorrect water level measurement may have been
recorded to generate the calculated upward vertical gradient. It should be noted that downward
vertical gradients were detected at three other dates and therefore, the upward gradient is believed
to be non-representative.

Horizontal Gradient

Contouring isopotentiometric surfaces is best suitable for units that are homogeneous and isotropic
(e.g. clean sand). Although the two hydrogeoloic units identified at the site are similar to
homogeneous isotropic units, it still must be recognized that the geology is fractured bedrock, which
usually does not emulate this type of hydrogeology. However, isopotentiometric contours with
gradients drawn perpendicular have been used to provide a general idea of groundwater movement.

The only round of water levels available for all the wells prior to implementation of the interim
remedy is from August 29, 1994. Contours for this date are included for all units in the
isopotentiometric figures. Other time periods are also included for some of the figures so that
groundwater gradient trends could be detected. In some cases, water elevations from specific times
are contoured to display the gradient changes during a relatively short period (e.g. one day). Since
these specific time water levels were obtained from continuous monitoring data loggers, data from
all 49 monitoring wells onsite could not be obtained for a specific time. Therefore, some data points
are not available for drawing isopotentiometric contours of a particular group of wells for a specific
time.

The results of the packer testing activities must be recognized so that the proper wells are grouped
to contour isopotentiometric surface. Based on the results of the packer tests, it appears that:

• the bedrock that lies stratigraphically above the gray shale is near isotropic and
homogeneous conditions (but flow is still controlled by fractures),

• the gray shale appears to be a hydraulic barrier,

• the bedrock below the gray shale is near isotropic and homogeneous conditions (but
flow is still controlled by fractures), and

• the deep gray unit may have some hydraulic control, but the collected data is not
significant enough to make any conclusion regarding this unit.

The bedrock wells were grouped based on this summary so that isopotentials could be plotted.
Generally, a group must be bedrock wells that monitor on one side (above or below) of the gray
shale, which dips to the northwest at 9°, and be at the same elevation. However, this criteria would
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not apply to wells that are not installed into consolidated bedrock (i.e OW series wells). OW series
should be grouped together, since the hydraulic parameters of this zone are probably controlled by
the porosity between grains and particles, rather than fractures and the lithology of the Brunswick
Formation as in the bedrock wells.

Specifically, the groups consist of:

• Overburden wells: OW-1, OW-2, OW-4, OW-10, OW-1 1, OW-12, OW-13, and OW-
14.

• TW series wells above the gray shale: TW- 1 , TW-2, TW-3 , TW-4, TW-5 (and 5 A),
TW-10, TW-11, and TW-12.

• C series wells above the gray shale: C-6, C-7, C-8, C-9, and C-10.

• TW-series wells below the gray shale: TW-7, TW-9, TW-13, and TW-15.

• C-series wells below the gray shale: C-3, C-4, and C-5.

• Upper DMW/MW series wells (all are below the gray shale): DMW-1, DMW-3,
DMW-5, DMW-7, DMW-9, DMW-10, DMW-1 1, MW-104, and C-2.

• Lower DMW/MW series (all are below the gray shale): DMW-2, DMW-4, DMW-6,
DMW-8, MW-101, MW-102, and MW-103.

Based on this required grouping it is evident that groundwater elevations from some wells could not
be used in diagramming the isopotentiometric surfaces. The monitoring intervals did not fit into any
group classification. These wells are TW-6, TW-8, TW-14 and C-l, which straddle the gray shale.
However, the water levels from these wells do provide insight into the hydraulic gradients of
identified zones. Therefore, the water levels have been considered, except well C-l, and are
discussed with the presentation of the groundwater flow gradient diagrams. Since well C-l monitors
a large interval (126 feet) in addition to being open across the gray shale, this water level has not been
discussed or grouped. Also, due to the average monitored elevation of wells C-2, C-7, and DMW-9,
these three wells could not be placed in a respective group. However, the groundwater elevations
of these three wells do provide insight into the gradient of identified zones and thus, are discussed
with the presentation of the hydraulic gradients. The text provides an explanation of the classification
of the three wells.

OW Series Wells (Figure 1-14)

Since the OW series wells are screened in the overburden or weathered bedrock (i.e. groundwater
movement is not controlled by fractures) and the lithology of the overburden does not appear to vary
temporally or spatially, this shallow unconsolidated layer may be considered as one unit. The
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hydraulic gradient of groundwater in the overburden on August 29, 1994 was to the northeast, which
mimics the topographic and bedrock surface gradient. This gradient has been observed consistently
and is reported in other site documents (AGES, 1988).

TW Series Wells Above and Below the Gray Shale (Figure 1-15)

Based on the discussion above, the groundwater elevations of these wells should be presented on two
separate figures: TW Series Wells Above the Gray Shale; and, TW Series Wells Below the Gray
Shale. However, the isopotentials were diagrammed on one figure to better illustrate the
characteristics of the hydraulic gradient at this depth (both above and below the gray shale).

At the northern edge of the site a potentiometric high is observed with wells screened above the gray
shale (TW-1, TW-2, TW-3, TW-4, TW-5A, TW-10, TW-11, and TW-12). The hydraulic gradient
created from this high is generally to the south and southwest. A gradient from the west to the east
is also observed.

The opposing gradients above the gray shale suggest that a discharge area is located near well TW-4.
At the TW-4 area, and across the entire site, a vertical gradient downward is prevalent (see
subsection Vertical Gradients above). The downward gradient in the area suggests that the discharge
is to a deeper zone.

From wells below the gray shale (TW-7, TW-9, TW-13, and TW-15) potentiometric highs are
observed near well TW-15 and well TW-13. The two high areas create a potentiometric low that
appears to be a discharge zone near well TW-9 (or between well TW-9 and TW-13). The prevalent
downward vertical gradient across the site suggests that the zone discharges to deeper elevations
within the aquifer.

A schematic cross-section has been included with Figure 1-15 to illustrate the hydraulic gradients that
are generated from this potentiometric surface. The cross-section is perpendicular to strike from well
TW-10 to the southeast to well TW-15. The schematic provides the following observations.

• Isopotentials meet the gray shale at a perpendicular angle, indicating groundwater
flow does not occur across this possible hydraulic barrier, but parallel to it.

• Isopotentials above the gray shale are drawn from the surface that occurs
stratigraphically above the gray shale and isopotentials below the gray shale are drawn
from the surface that occurs stratigraphically below the gray shale.

• The potentiometric surface increase above the gray shale and southeast of well TW-4
suggests that this is a recharge area. The highly fractured zone immediately above the
unit may be providing a conduit for infiltrating precipitation to recharge the bedrock
groundwater regime in this area.

July 21, 1997 1-43

400061



Immediately above the gray shale and near the intersection of the potentiometric
surface with the gray shale, a total gradient downward along the dip of the gray shale
may be detected. However, deeper within the zone, the gradient weakens and may
not be detectable.

The decreasing potentials with depth suggest a discharge area or zone exists at depth.
A pumping well(s) may be the point of the discharge that is influencing the observed
potentials.

C Series Wells Above the Gray Shale (Figure 1-16)

This hydrogeologic group consists of four wells, which all monitor the highly fractured zone
immediately above the gray shale. Since three of the wells are located in a line roughly parallel to
strike the gradient should be interpreted cautiously.

Groundwater levels from three dates are available to illustrate the hydraulic gradient trend in this
zone. On March 7, 1994 at 1603 hours, the hydraulic gradient was to the southeast. This time was
chosen since it was near the time that a potentiometric low was occurring at well DMW-9. A manual
round of water level measurements collected on March 8, 1994 revealed a similar gradient pattern.
However, the gradient direction on August 29, 1994 (Figure 1-16) was to the northeast and east.
The differing hydraulic gradients observed in this zone reflect that the zone is dynamic. Pumping
activities (possibly to the northeast) may be affecting the groundwater elevations in this highly
fractured zone.

Based on the discussion provided for the TW series wells above the gray shale, it can be inferred that
the highly fractured zone that this group of wells monitors is receiving shallow groundwater and the
resulting isopotentials should be less deep in the zone. Since three of the wells monitor the zone at
the same elevation, this phenomenon would be difficult to detect. Wells placed in the zone, but
screened at different elevations (e.g. downdip in section) would be used to detect any differential.
In the set of wells that monitor this zone, the elevation in C-8 should be compared with that in C-9,
and the elevation in C-7 should be compared with that in C-10, respectively.

Once (August 29, 1994) out of three times the potential at C-8 was less than C-9; thus indicating a
downward gradient in the highly fractured zone on this date. Also, on March 8 and August 29, 1994
the water level for well C-7 was lower than well C-10. This indicates a downward gradient in the
highly fractured zone. Note that from the manual groundwater level measurements collected on
March 8 and August 29, 1994, the well with lowest hydraulic potential of the five wells monitoring
the highly fractured zone was C-7. Since well C-7 monitors the lowest elevation of the five wells,
it is inferred that the potential in this zone is less deep in the zone.

Groundwater elevations from well C-7 were not included on the figures presented since its average
screen interval is approximately 50 feet lower than the other wells. To obtain the correct hydraulic
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gradients, the wells should monitor similar elevation zones. If the elevation was used, the observed
effect would be a gradient from wells (i.e. C-10) monitoring shallow elevations of the same zone to
wells (i.e. C-7) monitoring deeper elevations. This pattern has been discussed above.

C Series Wells Below the Gray Shale (Figure 1-17)

Only three wells comprise this group. Since relatively few data points are available across the site,
isopotentials and resulting gradients from as many dates as were available (seven) were compared in
the attempt to identify trends.

The most significant observation of the hydraulic gradients in this zone is that the gradient is
predominantly to the north or northeast. On one occasion (December 22, 1992) a gradient to the
northwest was diagrammed. However, it should be noted that the north vector still existed for this
gradient. Also, only once out of the seven times a gradient to the southeast was detected (August
29, 1994) (Figure 1-17). This gradient may have been caused by the water level for well C-4, which
was measured at 1700 hours on this date. This time is two hours after daily pumping activities would
end south of the site. The gradient may have been affected by incomplete recovery from offsite
pumping.

Since a gradient to the north is prevalent in this zone, it is believed that the potential at these wells
is obtained from the potentiometric high that has been detected south of the site with wells TW-7,
TW-9, andTW-15.

Upper DMW/MW Series Wells (Figure 1-18)

Pumping activities being conducted south of the site appear to affect the hydraulic gradients for this
zone. The hydraulic gradients for the zone at the end of the pumping cycle were observed to be as
follows: at the site's southern boundary the gradient is influenced, but no effect is observed at the
northern boundary of Lot 1-B. After recovery has occurred from the pumping activities, it appears
the gradient is to the north. Manual groundwater level measurements from August 29, 1994 were
plotted (Figure 1-18). It appears that the static hydraulic gradient (to the north) is exhibited with
these measurements.

Note that well DMW-9 is included with this group even though the average monitored elevation for
the well is approximately 60 feet higher than the remainder of the wells in the group. Well DMW-9
has been included since its monitored elevation is much higher than the group's average screen
elevation, but its hydraulic potential is lower than the group. The marked difference illustrates the
low hydraulic potential that exists in the northeast corner of the site. This hydraulic low may be
attributable to a pumping center that is located northeast of the site.
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Lower DMW/MW Series Wells (Figure 1-19)

Water levels collected at the end of a pumping cycle and after recovery occurred were reviewed to
investigate if the pumping activities being conducted south of the site were influencing the gradient
at this depth. It appears that the gradient is not affected by the pumping activities. Manual water
level measurements from August 29, 1994 (Figure 1-19) exhibit a similar pattern.

1.3.5.2 HYDRAULIC CONNECTION BETWEEN THE CHEMSOL SITE AND THE
NOVA-UKRAINE SECTION

The Nova Ukraine Section is a housing development located south-southeast of the Chemsol site.
Residential wells at this development have been sampled several times since 1980 by various
government agencies and private consultants. Due to concentrations of VOCs in the wells, NJDEP
(1991) delineated an Interim Groundwater Impact Area for the Franklin Street area of the Section.
All but four residences elected to be connected to a public water supply. The EPA sampled
groundwater from residential wells in February 1991 and November 1992.

The aquifer testing activities were developed so that some of the data could be used in determining
the potential of hydraulic connection between the contaminated aquifer at the Chemsol site and the
residential well intakes at Nova-Ukraine. It should be noted that due to the complex hydrogeology
identified by the packer tests and ground water level monitoring, the data set developed during the
RI is limited for making a conclusive determination. However, some observations were made that
can help identify if any relationship exists between the two areas.

First, the nearest part of Nova-Ukraine is approximately 900 feet from the Chemsol site. With an
average residential well screen depth of 160 feet (NJDEP, 1991) and a formation dip of 9° to the
northwest, the deep gray unit identified at the site would surface near the development and be above
the well intakes. The location of the unit is based on available data collected from near the Chemsol
site. The packer tests indicated that in some cases, the unit may be a hydraulic barrier.

Second, available data indicates that hydraulic gradients between the hydraulic barrier at the site (the
gray shale) and the residential wells is probably to the north. The gradients are not oriented for
contamination to be transported by groundwater to Nova-Ukraine. Regional gradients are oriented
toward Nova-Ukraine, however, this gradient occurs at approximately 150 feet below the average
residential well screen length. Contamination would be unlikely to migrate upward from this depth.
It is also likely that operation of the industrial wells immediately south of the site may have created
a barrier to contaminant migration. When in operation (i.e., pumping), these wells could have exerted
a hydraulic influence over groundwater in this area.

In summary, the residential wells in Nova-Ukraine are approximately 900 feet from the nearest onsite
well. A gray unit that may be a hydraulic barrier has been calculated to be situated between the
residential wells and site wells. Finally, hydraulic gradients generated from wells at the Chemsol site
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similar to the residential well depths are not oriented toward Nova-Ukraine. Therefore, it is unlikely
that the intervals monitored by the residential wells are hydraulically connected to contaminated areas
of the Chemsol site. As explained later in Section 1.4, the analytical chemistry data also supports this
observation.

1.3.5.3 SITE HYDROGEOLOGY CONCLUSIONS

The Brunswick Formation provides a fractured bedrock aquifer that is difficult to characterize. The
aquifer tests and groundwater monitoring rounds have provided insight into the aquifer
characteristics. The findings of the investigation are detailed in the appropriate sections, and are
summarized below.

• The strike of the Brunswick Formation at the site is N59°E and dips to the northwest
at 9°.

• The trace of a 15 foot thick gray shale at the surface trends across the southeast
corner of Lot 1-B.

• The gray shale, a highly fractured zone immediately above it, or the two in tandem,
has characteristics of being a hydraulic barrier.

• Beds stratigraphically above and below the gray shale display near isotropic and
homogeneous conditions, but groundwater flow is still controlled by fracture
orientation.

• A deep gray unit lies approximately 225 feet below the gray shale. Some tests
indicated this gray unit may be a hydraulic barrier. However, testing activities at this
depth were not extensive enough to make a conclusive determination in the
classification of the unit.

• A vertical gradient that is downward dominates across the site spatially and
temporally.

• A local potentiometric high detected in TW-series wells monitoring stratigraphically
above the gray shale is located north of the site. Hydraulic gradients in this zone are
to the south and are deflected at the gray shale. Considering all three dimensions, the
total gradient possibly enters the highly fractured zone immediately above the gray
shale and orients downward, since a downward vertical gradient persists across the
site.

• A local potentiometric high detected in TW-series wells monitoring stratigraphically
below the gray shale is located south of the site. Hydraulic gradients in this zone are
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to the north and are deflected at the gray shale. Considering all three dimensions, the
total gradient is possibly oriented downward near the base of the gray shale since a
downward vertical gradient persists across the site.

The highly fractured zone immediately above the gray shale is dynamic. Data
indicates that the lowest hydraulic potential in this zone is measured at the deepest
elevation monitored by the well network. Thus, a slight, but measurable, downward
gradient within this zone is apparent. A pumping center northeast of the site may be
the cause of any deviations observed within the zone.

The C-series wells screened below the gray shale indicate a hydraulic gradient that is
generally to the north or northeast. Pumping activities south of the site may influence
this gradient to orient to the southeast.

The hydraulic gradient of the upper DMW/MW series wells appears to be influenced
by pumping activities south of the site. The gradient is to the north when pumping
is not being performed. The gradient is to the south when maximum drawdown due
to pumping is reached at DMW-1. Generally, pumping begins at 0700 hours and ends
at 1500 hours. This time corresponds to the packer testing activities, which added to
the difficulty of interpreting the test data.

The hydraulic gradient of the lower DMW/MW series wells has been measured to be
consistently to the south or southeast.

Nova-Ukraine is 900 feet southeast of the site, the residential wells may be separated
from contaminated site areas by a possible hydraulic barrier, and hydraulic gradients
do not trend from the site to the development. Therefore, it is unlikely that the two
areas are hydraulically connected and that groundwater contamination probably would
not travel from Chemsol to Nova-Ukraine.

1.3.5.4 CURRENT SITE REMEDIATION ACTIVITIES

On September 6, 1994 an interim remedy program was initiated at the Chemsol site. The program,
which consists of pumping and treating groundwater, is designed to address aquifer contamination
to a depth of 130 feet below the surface. One well, C-l, was selected to be pumped for the remedy.

Well C-l is an open borehole that monitors from 7 to 133 feet below the surface. The well is open
above, across, and below the gray shale. The gray shale occurs at C-l at a depth of 67.3 to 79.8 feet
below the surface. The placement of the well would allow water to be removed from both above and
below the probable hydraulic barrier. Therefore, the unit would appear to have no influence.

Perhaps most importantly for the monitoring program is the C-series wells that monitor the highly
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fractured zone immediately above the gray shale. This highly fractured zone may be a conduit to
transport water and contaminated water to the north and northeast of the site (under non-remediation
activities of pumping). Since water is being removed from this zone with the current remediation
activities, the gradient within the zone may be significantly changed (i.e. a constant gradient toward
well C-l).

Another important note for the interim remedy is the consideration of the possible hydraulic barrier
and its influence in the area above the unit and south-southeast of the pumping well. If the shale is
a barrier, and the water level is drawn down to a point below the shale in the pumping well, then the
area that is bordered (in three dimensions) by the pumping well, the gray shale, and the intersection
of the gray shale and land surface has the possibility of being dewatered.

1.3.6 SOILS

Members of five soil series have been identified within the study area: Dunellen Variant (DvA),
EUington Variant (EoA and ESA), Klinesville (KWB), Reaville (RFA), and Parsippany (Pa). The
first two form on glacial outwash, and are found in the northern and eastern portions of the study
area. Parent material for the second two is weathered bedrock (residuum) of the Brunswick
Formation. Parsippany series soil is found along the various branches of Stream IB, where
alluvial or lacustrine deposits are present.

SOILS DISTURBED BY PREVIOUS ACTIVnTES

Soils within Lot IB have been extensively disturbed. The removal of PCB-contaminated soils
resulted in the loss of an estimated 30 to 40 percent of the surface soils in Lot IB. The
Administrative Consent Order of July 1983 with the State of New Jersey Department of
Environmental Protection mandated the removal and disposal of all PCB-contaminated site soils
(above 1 part per million). During Phase I soil removal in 1988, approximately 3,700 cubic yards
of soil were removed by Applied Geotechnical and Environmental Service Corporation (AGES)
for Tang Realty. PCB-contaminated surface soils were scraped by a track loader equipped with
a scraper blade to predetermined depths of 6 to 24 inches below the original grade. Areas that
displayed elevated PCB concentrations were excavated an additional 6 inches. Excavations
occurred primarily within the fenced area inside Lot IB. Buried waste materials from past
industrial activities were encountered during this first soil removal phase. B.E.S. Environmental
Specialists was contracted in 1988 by Tang Realty to remove these buried waste materials and
additional PCB-contaminated soils (Phase n activities). In this second phase of soil removal, an
additional 4,200 cubic yards (approximately) of material were removed from the site. Removal
of buried wastes typically ended at the bedrock interface (3 to 5 feet below grade) (Harding
Lawson Associates [HLA], 1990).

There are three berms of soil in the northeastern portion of Lot IB, immediately south of the
Northern Ditch and west of Stream IB. The berms appear to have been contiguous at one time
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(they appear to have been leveled in several locations to create access paths to monitoring wells).
These berms appear to be artificial, with an approximate height of 5 feet and width of 15 feet.
These berms may have been recently constructed as they are vegetated primarily by herbs and
young trees.

Soil disturbances also exist in Lot 1 A; however, these soils were disturbed less than those in Lot
IB. Soils were disturbed to some extent when pipelines were put in to the Buckeye Pipeline
Company easement and the Elizabethtown Water Company easement. In addition, several other
land manipulations disturbed the original soils in Lot 1A, as described below:

• Fill piles exist in the western section of Lot 1A and encompass an area of
approximately 325 feet by 325 feet. These piles vary in form and are
approximately 4 feet high. A few footpaths and small swales dissect this area.
The piles consist of soil and possibly trash. Additionally, some trash has been
dumped on these piles. It is not known if the original soil level has been disturbed.
Woody vegetation growing on the fill piles indicates that the piles have been there
for some time.

• A red clay pipe, at least 20 feet long, lies approximately 1 foot below the soil
surface in the eastern portion of Lot 1A. The origin of the pipe is unknown
(possibly a farm drain); however, it was observed discharging water to the soil
surface during the wetland delineation and sediment sampling investigations.

• An unnatural, pulverized material was mixed with native soil approximately 10
inches below the soil surface. This location is approximately 20 feet north of the
Lot IB northern fenceline and 175 feet northwest of the northeastern corner of the
Lot IB perimeter fence. The soil condition was discovered during the wetland
delineation. The pulverized material appeared as hard black and reddish specks
and it is suggested that this material is asphalt. The lateral extent of this pocket of
pulverized material is not known.

• An access path exists at the eastern border of Lot 1A between wells TW-12 and
TW-13. It is believed that this path was originally installed to accommodate well-
drilling apparatus. Large cobble was observed in some areas of this path. Soils
and vegetation have been disturbed to create access for the required machinery.

CDM FEDERAL'S SOIL INVESTIGATION

The soil boring program, which consisted of collecting split spoon samples down to refusal with the
hollow stem auger technique, resulted in identifying a general thickness of the unconsolidated
deposits of three to six feet. No less than a two foot thickness was encountered and a maximum
thickness often feet was measured at one location. The RI/FS Work Plan (EPA, 1992) indicated the
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thickness to generally vary between three to 14 feet.

Typically, the deposits were classified as reddish brown clay or silty clay with some locations of fill
(See Figures 1-20 and 1-21 through 1-25). In and near the southeastern corner of Lot IB, a gray clay
was encountered with several of the borings. The soil is derived from the complete weathering of its
parent rock, which is the underlying Brunswick Formation.

During the soil boring program of this investigation, water was encountered at the surface and in the
subsurface. In several of the borings, wet or saturated soil was not encountered. Details of the
moisture conditions of the soil are provided in Tables 1-2 and 1-3 and are illustrated in Figure 1-26.
As seen in the figure, generally, the overburden was dry in the western portion of Lot IB, but water
was encountered within this unconsolidated unit in the southeast portion of the lot. Also, at the
surface, water was encountered in the northeast portion of Lot IB and in Lot 1A in the area bounded
to the north by the northern ditch and to the east by Stream IB. The saturated conditions of the
overburden correspond to the slope of the surface topography and the location of the surface water
bodies. It should be noted that the water conditions discussed here are those that were encountered
during the sampling activities conducted in November, 1993. The saturated (or unsaturated)
conditions may vary in accordance with the time of year and the amount of precipitation received.

Harding Lawson Associates conducted an electromagnetic survey in November 1989 to determine
the potential locations of buried metal at the site. The survey indicated 10 anomalies. No
underground storage tanks were found, but test pits revealed sections of iron pipe and resinous
material in some of these areas

1.3.7 BIOTA AND ENVIRONMENTAL RESOURCES

The Chemsol site has been described as heavily vegetated with areas of hydrophytic plants. National
Wetlands Inventory (NWI) mapping for the Plainfield, N.J. quadrangle indicates a Palustrine,
Forested, Broad-leaved Deciduous (PFO1) wetland is present in the northwest portion of the
Chemsol site This environment is likely to provide habitat for wetland mammals, birds, reptiles and
amphibians.

Ambrose-Dotty's Park, a County-owned park, is located along either side of Ambrose Brook
approximately 4,000 feet south and southeast of the Chemsol site. Lake Nelson is situated along
Ambrose Brook, approximately 1.5 miles south of the Chemsol site. The New Jersey Surface Water
Quality Standard for the entire length of Ambrose Brook and Lake Nelson is FW2-NT (non trout).
Currently, the designated uses of Ambrose Brook and Lake Nelson include:

• maintenance, migration, and propagation of native biota;
• primary and secondary recreation;
• industrial and agricultural water supply;
• public water supply after treatment as required by law; and,

July 21, 1997 1-51 400069



• any other reasonable use.

Haines Avenue Park, a relatively small municipal park, is situated at the intersection of Haines
Avenue and Stelton Road, approximately 1.0 miles southeast of the Chemsol site. A second
municipal park, Shadyside Park, is located about 1.9 miles to the southeast of the site, between New
Durham Road and 1-287. Ambrose-Dotty Park is undeveloped and does not currently have a water
supply (Middlesex Co. Parks Department, personal communication, 1992). Nor are there water
supplies at Haines Avenue Park (Piscataway Township, personal communication, 1992) or Shadyside
Park (Borough of South Plainfield, personal communication, 1992). Water facilities at Spring Lake
are supplied by the Middlesex County Water Company (Middlesex Co., personal communication,
1992). Spring Lake County Park is located approximately 2.5 miles northeast of the site.

Soils

Soils reflect relatively long-term trends in a variety of environmental variables. They can therefore
be used to represent a number of the characteristics that influence human settlement, especially the
productivity and diversity of plant and animal communities, and ground surface attributes.

As stated earlier, members of five soil series have been identified within the study area: Dunellen
Variant (DvA), Ellington Variant (EoA and ESA), Klinesville (KWB), Reaville (RFA), and
Parsippany (Pa). The first two form on glacial outwash, and are found in the northern and eastern
portions of the study area. Parent material for the second two is weathered bedrock (residuum) of
the Brunswick Formation. Parsippany series soil is found along the various branches of Stream IB,
where alluvial or lacustrine deposits are present. It should be noted that the alluvium is not very
thick, and there is no potential for deep burial of archaeological deposits.

Both Dunellan Variant and Ellington Variant soils are rated as having good potential for a wide
variety of plants and animals, including grain and seed crops, grasses and legumes, wild herbaceous
plants, hardwood trees, coniferous trees, and both openland and woodland wildlife (U.S.D.A., 1987:
Table 9). They are rated as having poor potential for wetland and shallow water species. By
contrast, Klinesville soils are rated poor to very poor in most categories, except grasses and legumes,
wild herbaceous plants, and openland wildlife, for which they are considered fair. Parsippany soils
are typically found in wetlands that support shallow water species, and are considered fair to poor
for nonhydrophytic vegetation due to poor drainage. Therefore, the areas where soils develop on
glacial outwash are likely to have had a greater variety and productivity of plant and animal species
than those where the Brunswick Formation provides the parent material. Especially high habitat
diversity would be expected in the vicinity of stream channels and wetlands, where Parsippany soils
interface with the Dunellan and Ellington Variants.

Wetlands

Areas classified as wetlands covered approximately 22 acres in Lot 1A and 3 acres in Lot IB.
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Forested broad-leaved deciduous palustrine wetlands dominated by red maples (Acer rubrum)
predominate in Lot 1A and are encountered to a small degree in the primarily undisturbed northern
portion of Lot IB. These wooded wetlands appear to be temporarily flooded (for brief periods
during the growing season) in some areas and seasonally flooded (for extended periods during the
growing season) in other areas. Water-stained leaf litter, areas of surface scouring, and red
maples with exposed roots and multiple trunks were observed as evidence of periodic flooding.
The exact wetland boundaries were difficult to determine in the northern portion of the site,
particularly around the north central and northeastern upland locations, due to the many small
drainage channels abutting these upland locations.

Several emergent wetland types occur in Lot 1 A. One of these emergent wetland types occurs
within the southeastern quadrant of the site (approximately 200 feet south east of the seep), and
is relatively minor. This emergent wetland consists of approximately three 8-foot by 10-foot pools
of standing water and is vegetated predominantly with jewelweed. These small wetland pools are
located in a low-lying area and do not appear to be connected at any waterway.

Another emergent wetland type occurs in the area of the confluence of the seep, Stream IB, and
the ditch (drainage channel). It appears to be permanently flooded and is dominated by rice
cutgrass (Leersia oryzoides) and arrow-leaved tearthumb (Pofygonum sagittatum). This emergent
wetland consists of three amorphous areas primarily separated by groupings of trees on low
(minor) berms.

No evidence was found for the historical existence of wetland conditions in most of Lot IB and
there has been extensive alteration of the soils in this location (refer to prior section on soil
disturbance). Recently, however, an artificial emergent wetland was in the southeastern portion
of Lot IB. This wetland was apparently the result of an outflow of potable water from a disrupted
water main into this area. Excess water from this wetland had flowed into Stream IB. Wetland
vegetation of this location is dominated by patches of narrow-leaved cattail (Typha angustifotia),
duckweed (Lemna minor), sticktight (Bidens coronata), wool grass (Scripus cyperinus), water
purslane (Ludwigia palustris), soft rush (Juncus effusus), spike rush (Eleocharis palustris), and
sedges. Since the October 1992 wetland delineation activities, this leak has been closed off and
much of this area has since become dry.

Vegetative Communities

The majority of the site (Lot 1A and a portion of Lot IB) is forested. The dominant forest type
is a palustrine red maple/pin oak forest. In forested upland areas, a mixed mesophytic forest
occurs covers approximately 10 acres in Lot IB and 6 acres in Lot 1A. Forested uplands are
dominated in many locations by shagbark hickory (Carya ovatd), but a prevalence of black cherry
(primus seronna) or Northern red oak (Quercus rubra) occurs in certain areas. The transition
between the two forest types is not abrupt and some species are located in both forest types (for
example sweetgum [Liquidamber styraciflua] and sassafras [Sassafras albidum]). Forested areas
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of the site display the following vegetative structure: a closed to partially closed canopy, a sparse
subcanopy, a sparse to moderate shrub layer, and a sparse to moderate ground cover.

In the emergent wetlands of this site, three distinct vegetation communities exist: the jewelweed-
dominated wetland in the southeast quadrant of Lot 1 A, the rice cutgrass-dominated wetland in the
northeastern quadrant of Lot 1 A, and the hydrophilic herb-dominated wetland in Lot IB.

The emergent wetland in the southeastern section of Lot 1A is minor, as it consists of several
relatively small (less than 15 feet by 15 feet) shallow pools of water. The vegetative make-up of this
wetland is almost exclusively jewelweed.

The larger emergent wetland in Lot 1A is located in the area of the confluence of Stream IB with the
seep drainage and the drainage ditch. Rice cutgrass is dominant in this wetland with arrow-leaved
tearthumb and jewelweed also present.

The emergent wetland of Lot IB had been artificially created by a surficial flow of water from an
Elizabethtown Water Company leaking water main. The dominant vegetation of this wetland includes
such hydrophytic herb species as cattail, woodgrass, rushes and sedges. Green algae and the floating
macrophyte duckweed are also present. A change in vegetative species for this location is anticipated
in the future as the break in the water main has been repaired.

In addition to the artificial emergent wetland and a small portion of forest, Lot IB is composed of an
old field vegetation community. Dominant vegetation in this area are grasses and forbs. Saplings and
shrubs compose approximately 5 percent of the total plant community. The more common grasses
observed in this area include barnyard grass, old witch grass, and broom-sedge. Forb species most
frequently observed in this area include asters, goldenrods, Japanese honeysuckle, poison ivy,
brambles, Queen Anne's lace, and spotted knapweed. Prevalent shrubs and trees species include black
locust, crabapple, tree-of-heaven, and autumn olive.

Uplands in Lot 1A are wooded. The density of woods is very similar to the palustrine wetlands:
however, only the soil and presence of upland species indicate that there exist upland areas; visually,
there is no difference. No open meadows or clearings are in Lot 1A other than on a very small scale
as a result of human activities: dumping, small-scale overnight camping and bike trails. The emergent
wetlands to the north of the site are open and look like a meadow. There is an area of palustrine
wetlands that is more open (less dense spacing of trees and less to no undergrowth) extending
approximately from the seep eastward - however, it has a closed canopy.

Threatened and Endangered Flora

No federally listed or proposed threatened or endangered flora are known to occur at or near the
Chemsol site. Swamp pink (Helonias bullata), a plant species federally listed as threatened, is
documented to exist approximately 6 miles from the site (Appendix Q of the RI Report, U.S. Fish and
Wildlife Service, 1991). Swamp pink is not expected to occur at the Chemsol site due to the lack of
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habitat preferred by this species (wetland organic mucks) (Appendix Q, USEPA, 1992c).

Wildlife Observations

White-tailed deer, woodchucks, rabbits, frogs, turtles, and birds are known to inhabit the site.

Deer tracks were observed onsite, particularly in the emergent wetlands to the east of Stream IB and
in the utilities corridor at the southern border of the site. Woodchuck (Marmota monax) dens were
observed at the Chemsol site during the wetland delineation activities. Entrances to these dens were
observed in the western portion of Lot 1A (more than 10 holes); the upland area to the northeast
portion of Lot 1A (two holes); a small soil/fill pile on the eastern boundary of the site (two or more
holes); and within the soil berm of Lot IB (two sets of two holes). One rabbit was observed running
in Lot IB, near a berm.

Songbirds were observed on the Chemsol site, including blue jays, mockingbirds, and warblers. It
is expected that these birds will migrate through and/or feed within the site. Because of the varied
habitats and habitat boundaries present, it is also expected that some bird species will also breed
onsite. Ducks were observed in the areas of ponded water near the dirt road and Stream IB.

Tadpoles were observed in the artificial wetland of Lot IB during the wetland delineation activities
in October 1992. Because of their rather large size and the absence of legs during the time of year
observed, these are probably bullfrog tadpoles.

An eastern box turtle (Terrapene Carolina) was observed at the Chemsol site at the drainage ditch
on the northern border of Lot IB. This individual was observed during a site visit in late summer,
1992.

Seven additional wildlife species are expected to utilize the habitats of the Chemsol site. Although
no direct evidence has indicated their presence, skunks, opossums, squirrels, voles, raccoons, and rats
are expected to frequent and/or reside in the Chemsol site due to their forage and habitat preferences.

Threatened and Endangered Fauna

No federally listed or proposed threatened or endangered fauna are known to occur at the Chemsol
site, except for the possible occurrence of an occasional bald eagle (Haliaeetus leucocephalus) or
Peregrine falcon (Falcoperegrinos) (Appendix Q U.S. Fish and Wildlife Service, 1991).

1.3.8 DEMOGRAPHICS AND LAND USE

Land use in the vicinity of the Chemsol site is commercial, industrial, and residential. Single family
residences are located immediately to the west and northwest of the site. An apartment complex with
greater than 1100 units is present immediately to the north of the site. Industrial and retail/wholesale
businesses are located immediately to the south and east of the site. The site is located approximately
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one-quarter mile away from at least two major thoroughfares (Stelton Road and New Brunswick
Avenue) and is approximately one-half mile north of interstate highway Route 287.

The Chemsol site is located in Piscataway township and is approximately a quarter mile from the
western border of South Plainfield borough. Within three miles from the site, the entire borough of
Dunellen is located. The 1990 Census population for Piscataway, South Plainfield, and Dunellen is
47,089; 20,489; and 6,528 residents, respectively (USDC, 1991). It is estimated that most of the
multi-family dwellings and two-thirds of the single-family dwellings in Piscataway, (for a total of
approximately 10,500 dwellings), are within two miles of the Chemsol site. In South Plainfield, it is
estimated that the one-third of the single-family dwellings and all of the multi-family dwellings, (for
a total of approximately 6,500 dwellings), is located within two miles of the Chemsol site. Also
located within two miles of the site is approximately one-third of the Dunellen borough residential
dwellings, (estimated at 800 housing units).

Two schools are found within one mile of the site:

o Dwight D. Eisenhower School, located on Stelton Road in Piscataway, with an
enrollment of approximately 450 students ages 7 and 8, and,

o Quibbletown School, a middle school located at Washington and Grandview Avenues,
with an enrollment of approximately 500 students.

The nearest hospital, Munlenberg Regional Medical Center, Inc., is located greater than three miles
of the site, at Park Avenue and Randolph Road, in Plainfield. Two nursing home facilities are located
between two and three miles from the site. These include the Abbott Manor Convalescent Center
at Central Avenue in Plainfield and Alzheimer Care at Edison at Plainfield Avenue in Edison.

Public water services in the vicinity of the Chemsol site include the Middlesex and Elizabethtown
Water Companies. These companies were contacted for information on the existence of water supply
wells in proximity to the site. No public water supply wells were reported to occur within two miles
of the site. Sixteen public water supply wells were reported to exist just outside of the two-mile
radius (from two to three miles of the site); twelve of them located in the Spring Lake area of South
Plainfield (northeast of the Chemsol site).

Department of Health Officials of Dunellen, Piscataway and South Plainfield were contacted for
information regarding the existence of private water supply wells in the area of the Chemsol site.
Available information was not entirely current, but generally reflects the potential use of the
groundwater in the vicinity. Approximately 180 private wells at residential and commercial addresses
were reported to be potentially active (i.e., not sealed) within a radius of two-miles of the site.
Twenty-two of these wells are located at a distance less than one-half mile of the Chemsol site.
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SITE USE CHARACTERISTICS

Observations made during the ecological investigation activities (Fall of 1992, Winter of 1993)
indicate recent human activity and site utilization by trespassers. Evidence of intruder use of the site
existed entirely in Lot 1 A.

A temporary campsite was located to the southern site boundary of Lot 1 A. Remnants of fires (burnt
wood and ground staining), bottles, cans (including beer cans), bricks, rusted empty drums and other
debris were observed in this location. Nearby, a sleeping bag that was draped over a tree branch
during the Fall of 1992, apparently caught fire by the Winter 1993 site visit.

An area to the southeastern corner of Lot 1A appeared to be set up as a bicycle course. Items such
as old empty drums and construction debris were used to make ramps, jumps, and other obstacles.
Use of this area was apparently recent, as observed during the Winter 1993 site visit, since the bicycle
runways were clear of leaves that dropped in that area during the fall of 1992.

Household items and assorted debris were found with some frequency scattered throughout the
northern section of Lot 1A. Some of the items observed include: a sofa, car parts, a garbage can,
carpet pieces, a sock, and an engine. Foot paths were also apparent in some areas within Lot 1 A,
particularly in the northwestern section. No fence or other barrier to human or animal trespassers
existed at the time these observation were made. It was possible for nearby residents to use the
woods of Lot 1A for recreational activities.

1.4 NATURE AND EXTENT OF CONTAMINATION

This section identifies possible sources of contamination and presents the types and extent of
contamination found in five environmental media at the Chemsol site: air, surface water, sediments,
soil and groundwater. As discussed in earlier sections, soil and groundwater were sampled
extensively because they are the primary media affected by the potential sources of contamination and
the media with the most significant impacts to human health and the environment.

1.4.1 SOURCES OF CONTAMINATION

The former operating buildings at the Chemsol site in Lot IB were abandoned and demolished after
the facility ceased operations. The sources of contaminants were suspected releases from the former
waste piles, drums, tanks, tank cars and waste ponds; surface discharges, spills and overfilling of an
underground storage tank. The locations of suspected source areas are shown on Figure 1-27. The
waste piles and drums have been removed and disposed of offsite. In 1988, a small number of
unknown buried containers were found during soil excavation activities in Lot IB. These containers
were lab packed and disposed of by the EPA in 1990. In the fall of 1993, one underground storage
tank containing an estimated 12,000 gallons of No.6 heating oil was discovered and removed during
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the construction of the treatment plant for the interim remedy.

At present, Lot IB is flat with no standing structures except for the groundwater treatment plant
building. It is believed that the primary remaining source of contamination at the Chemsol site is in
the overburden soils of Lot IB and the suspected presence of DNAPLs within the bedrock aquifer,
and that through various transport and release mechanisms the groundwater, surface water and
sediments serve as secondary sources.

Potentially contaminated materials that are currently at the Chemsol Site in Lot IB include three new
soil piles (shown on Figure 1-2) created by McLaren Hart during the construction of the treatment
plant and the hundreds of drums containing investigation derived waste from sampling and testing
activities conducted by Malcolm Pirnie, McLaren Hart, and CDM Federal.

1.4.2 AIR

Two rounds of air sampling were conducted at the Chemsol Site. During the first sampling event in
March 1993 the wind was blowing from the north/northwest and during the second round in May
1994 the wind was blowing from the southwest. Volatile organic compounds including acetone, 2-
butanone, benzene, toluene, xylene, dichlorodifluoromethane, trichlorotrifluoroethane,
trichloroethene, tetrachloroethene, 1,1,1-trichloroethane, methanol and hexane were detected in low
ppb concentrations at the site in the northeast corner of Lot 1-B. Some of these compounds were
also detected in upwind and downwind samples.

The analytical results and their detection limits are provided in Appendix I of the RI Report. The
sampling locations, the detected volatile organic compounds and their concentrations for round one
are summarized in Table 1-10 and presented in greater detail in Appendix S-1A of the RI Report.

During round one, acetone, was detected in samples AR-06 (downwind), AR-07 (upwind), and AR-
10 ("hot spot" perimeter). Some of the samples which showed acetone to be below detection limits
had high detection limits. Acrolein was detected in the designated receptor location sample AR-05;
however, it was not detected in any of the other samples. Dichlorodifluoromethane was detected at
sample locations AR-01, AR-02, and AR-04 which were along the "hot spot" perimeter. The results
of sample AR-10, collected from the same location as AR-02, did not show any contaminant except
for acetone. This is not surprising because localized air movement is greatly affected by the presence
of trees and shrubs. The hot spot perimeter sampling locations are near the boundary between the
open fields of Lot IB and the wooded areas of Lot 1 A. As a result, boundary layer effects are clearly
possible at such locations. l,l,2-Trichloro-l,2,2-trifluoroethane (trichlorotrifluoroethane) was
detected in samples AR-01, AR-03, and AR-07 (upwind). 2-Butanone was detected in samples AR-
06 (downwind) and AR-01. Toluene was detected in the samples AR-02 and AR-07 (upwind).

In general, acetone, 2-butanone, dichlorodifluoromethane and trichlorotrifluoroethane are the only
compounds of interest existing in more than one sample of the site ambient air along the "hot spot"
perimeter. Contaminants were detected in low concentrations in all samples, except the acetone
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concentration foond in the downwind sample AR-06 (90 ppb). The only consistent contaminants
found around the "hot spot" did not show up in the downwind or designated receptor sample
locations. 2-Butanone was detected in the "hot spot" perimeter sample (AR-01) and in the downwind
sample (AR-06); however, the downwind sample concentration was 50% higher than the "hot spot"
perimeter sample. The only contaminant found at location AR-05 was acrolein which was not
detected at any other sample location. From the results of this limited air sampling event there is no
clear evidence of significant offsite contaminant migration from the Chemsol site.
The sampling locations, the detected volatile organic compounds and their concentrations for round
two are summarized in Table 1-11 and presented in greater detail in Appendix S-l A of the RI Report.

During round two, in general, concentrations of the contaminants detected were 1 ppb or less except
for acetone, hexane and methylene chloride. Toluene was detected in all samples and is the chemical
of primary interest. Acetone was detected in all but one sample, hexane was detected in only two
samples and methylene chloride was detected in only one sample. Benzene was detected at sample
locations AR-A (upwind), AR-C, AR-D and AR-F (the duplicate for AR-E) which is at three of the
four perimeter locations. Octane showed up in location AR-A (upwind) only.

Dichlorodifluoromethane was detected at sample locations AR-A (upwind), AR-E, AR-G
(downwind) and AR-H (downwind). Three of these four locations are at the site boundary. 1,1,1-
Trichloroethane was detected at location AR-A (upwind), AR-D and AR-F. 1,2,4-Trimethylbenzene
was detected at locations AR-A (upwind), AR-C and AR-F. 1,2,4-Trichlorobenzene was detected
at location AR-H only (downwind). Xylenes were detected in air samples AR-A (upwind), AR-E and
AR-F (duplicate). 2-Butanone showed up in samples AR-B, AR-E, AR-F (duplicate) and AR-G
(downwind). Trichloroethene was detected in samples AR-B and AR-F (duplicate).
Trichlorotrifluoroethane was detected at locations AR-D, AR-E and AR-G (downwind).
Tetrachloroethene was detected in sample AR-F (duplicate) only. Methanol was detected in sample
AR-H (downwind) only.

In general, toluene is the only compound of interest because it was detected in all air samples.
However, the upwind (AR-A) sample concentration was at the high end of these results (1 ppb). It
seems that a very low concentration is found over a large area of the Chemsol site. 2-Butanone is
a contaminant which was detected in two "hot spot" perimeter locations, the duplicate and one
downwind (AR-G) location in almost equal concentrations. These consistent concentrations do not
seem to indicate a strong "hot spot" contributing to off-site migration. Trichlorotrifluoroethane was
detected in two "hot spot" perimeter samples and in one downwind location (AR-G).
Dichlorodifluoromethane showed up at both downwind sample locations (AR-G and AR-H) in
addition to the upwind sample location and one "hot spot" perimeter location; however, each
concentration was approximately equal. This does not provide an indication of significant off-site
migration.

Several contaminants were detected in the upwind location (AR-A) and one or more "hot spot"
perimeter locations, including benzene, 1,1,1-trichloroethane, 1,2,4-trimethylbenzene and xylenes.
Other contaminants were only detected in one or more of the "hot spot" perimeter location samples,
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including hexane, 'methylene chloride, trichloroethene and tetrachloroethene. Methanol and 1,2,4-
trichlorobenzene were only detected in one downwind sample and octane was only detected in the
upwind locations. This sampling episode indicates that off-site migration of these contaminants is not
of significant concern.

1.4.3 SURFACE WATER AND SEDIMENTS

In this section, the surface water and sediment sample results are compared to criteria established by
US EPA for the Chemsol site. The comparison will be made in subsequent sections to determine
what, if any, surface water or sediment criteria are exceeded as determined by the two rounds of
sample collection.

Surface water criteria for the Chemsol site are established by the New Jersey Surface Water Quality
Standards document (N.J.A.C. 7:9B) dated April 1994. In this document, the Surface Water Quality
Criteria (SWQC) are presented as both individual toxic substance maximum concentrations and
general restrictions. The restriction is that the standards for drinking water should not be exceeded
without appropriate treatment. To be conservative, this means that current New Jersey Safe Drinking
Water Act maximum contaminant levels (MCLs) should not be exceeded. Both these standards are
listed in Tables 1-12 through 1-15 for VOCs, SVOCs, Pesticides/PCBs and Metals/Cyanides
respectively. The third column in each table presents the more conservative of the two standards.

The sediment criteria are established in accordance with EPA Fact Sheets on "Sediment Quality
Criteria for the Protection of Benthic Organisms" in freshwater environments. Only five compound
fact sheets were available (acenaphthene, fluoranthene, phenanthrene, endrin and dieldrin). Sediment
Quality Criteria (SQC) were given for both freshwater and saltwater benthic organisms. The
following freshwater SWC were applied to the Chemsol Site:

Acenaphthene 130ug/gtoc
Fluoranthene 620 ug/g toe
Phenanthrene 180 ug/g toe
Endrin 4.2 ug/g toe
Dieldrin 11 ug/g toe

The SQC concentrations are based upon mass of contaminant per mass of total organic carbon
(TOC). The SQC are also limited to applicability for sediments with TOC concentrations greater than
or equal to 0.2% (or 2,000 mg/kg or 2,000 ppm). None of the criteria for the sediment samples were
exceeded.

1.4.3.1 SEDIMENT SAMPLE ANALYSES

The complete chemical analyses for the Round One and Round Two sediment samples are presented
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in tabular form in-Appendix J (CLP Form One) and in Appendix S of the RI Report. The volatile
organic compound (VOC) results, semi-volatile organic compound results, pesticides/PCB results,
metals/cyanide results and total organic carbon (TOC) results are presented in separate tables. The
TOC concentrations are used in the formulation of sediment quality criteria for specific contaminants.
The samples which had detects (also refered to as hits) are summarized in the following text by
compound group and sample round. A comparison of the freshwater sediment quality criteria for the
five compounds listed above with the analytical results for each sediment sample location is presented
in Tables 1-16.

1.4.3.1.1 Volatile Organic Compounds

Round One (October 1992)

Sample location SD-01 at the western property line did not show any VOC hits. Also, the upper
sample at downstream location SD-04 did not show any VOC hits. However, all the other samples
showed hits. Acetone and 2-butanone were the most common VOCs found. Acetone was found in
four samples ranging up to 940 ppb while 2-butanone was found in eight samples, ranging up to 150
ppb. Xylenes were found in three samples, ranging up to 260 ppb. Total 1,2-dichloroethene was
found in three samples, ranging up to 15 ppb. Chlorobenzene was found in two samples, ranging up
to 1 50 ppb. Benzene was found at two sample depths at one location, ranging up to 82 ppb.
Trichloroethylene was found at two sample depths at one location ranging up to 4 ppb.
Tetrachloroethene was found in two samples, ranging up to 3.0 ppb. Toluene was found in three
locations, ranging up to 3 ppb. Ethylbenzene was found in two samples locations, ranging up to 34
ppb Other compounds were only detected in one sample at relatively low concentrations. These
included vinyl chloride (4 ppb), 1,2-dichloroethane (0.6 ppb), styrene (0.2 ppb) and carbon disulfide
(4 ppb).

Round Two (February 1993)

Only one sample SD-02-02 showed no VOC hits. Other samples showed only unknown VOC's (at
locations SD-01, SD-03, SD-1 1 and SD-12) in varying concentrations. The other samples showed
VOC hits, most of which were also detected in the Round One sampling event analyses. However,
the two most common VOC's found during the Round One sampling event, acetone and 2-butanone
were not detected in any sample taken during Round Two.

Total 1,2-dichloroethene was a commonly detected VOC, showing up in five samples, in
concentrations ranging up to 170 ppb. Trichloroethene was found in four samples, ranging up to 79
ppb. Benzene, ethylbenzene, chlorobenzene and xylenes were found at two sample depths at one
location. The highest concentration found was 220 ppb for benzene, 24 ppb for ethylbenzene, 150
ppb for chlorobenzene and 230 ppb for xylenes. This sample location also had nine unknown or
tentatively identified compounds in each sample. Methylene chloride was found at both depths of
sample location SD-10 at the same exact concentration of 27 ppb. Toluene was found in one sample
at a concentration of 1 5 ppb. Chloroform, 1 , 1 -dichloroethane, and 1,1,1 -trichloroethane were only
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detected in one sample. Their concentrations were 12 ppb for chloroform, 32 ppb for 1,1-
dichloroethane and 13 ppb for 1,1,1-trichloroethane.

Sample location SD-01 was consistently free of VOC's in both sample rounds. However, different
VOC's were detected in each round at locations SD-02, SD-03, SD-04, SD-05, SD-06 and SD-10.
SD-07 and SD-08 showed VOCs in their Round One event. SD-11 and SD-12 only had unknown
VOC hits in their Round Two event. Besides results from SD-01 there was no consistency between
rounds. Sample location SD-04 which is the last point before Stream IB leaves the Chemsol site
showed contamination during Round Two with total 1,2-dichloroethene and trichloroethene.
However, during Round One, only the lower sample depth had any VOC hits, and that was for 2-
butanone.

1.4.3.1.2 Semi-Volatile Organic Compounds

All the sediment samples taken at Chemsol showed SVOC contamination. The majority of
contaminants present in the samples were those compounds belonging to the polycyclic aromatic
hydrocarbon (PAH) group of organics. These contaminants are fused ring aromatic compounds
which are defined as hazardous by the EPA. Some are carcinogenic and some are non-carcinogenic.
The carcinogenic PAHs include chrysene, benzo[a] anthracene, benzo[a] pyrene, benzofb]
fluoranthene, benzo[a] flouranthene, benzo[k] flouranthene, dibenzo[a,h] anthracene and indeno
[1,2,3-cd] pyrene. There are a total of 16 EPA listed PAHs.

PAHs occur as both residual and manufactured materials. Manufactured gas plant sites, coking
operation sites, wood preserving operation sites and petrochemical plant waste disposal sites have
been found to be the primary locations with PAH contamination.

Other contaminant compounds found in the sediment samples included various phthalates and
phenols, carbazole and dibenzofuran. However, these compounds were found with less frequency
than the PAHs. The contaminant concentrations ranged from the low ppb ranges to the low ppm
ranges.

Round One (October 1992)

During the Round One event, both sample depths at location SD-01 showed SVOC hits for EPA
listed PAHs, phthalates and carbazole. Sample locations SD-02-01 and SD-02-02 showed EPA listed
PAHs and phthalate contaminants. These samples were taken at the upstream perimeter locations
of the northern drainage ditch and Stream IB where each water way enters across the site boundaries.

Samples SD-03-01 and SD-03-02 also showed EPA listed PAHs and phthalate contaminants. Sample
location SD-04-01 showed PAH, dibenzofuran, carbazole and phthalate contamination. The samples
at location SD-04-02, SD-05-01 and SD-05-02 all showed PAH, phthalate and carbazole
contamination. In addition SD-05-02 also showed 4-methylphenol contamination. EPA listed PAHs
and phthalate contaminants were found at both depths at location SD-06 and at the samples taken
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from the surface layer at SD-07 and SD-08.

The EPA listed PAH contaminants found during round one include naphthalene, 2-methylnapthalene,
acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)
anthracene, chrysene, benzofb] fluoranthene, benzofk] fluoranthene, benzo[a] pyrene, indeno (1,2,3-
cd) pyrene, dibenzo (a, h) anthracene and benzo (g,h,i) perylene. The phthalate compounds found
include butylbenzylphthalate, bis(2-ethylhexyl) phthalate, di-n-butylphthalate and di-n-octylphthalate.

While the two samples taken at the site's upstream locations (SD-01 and SD-02) showed
contamination from EPA listed PAHs and phthalates, the highest concentrations of these
contaminants were found at the furthest downstream sample location (SD-04). Samples at SD-01
were taken in the northern drainage ditch and showed the next highest level of contamination after
SD-04. Sample locations SD-02, SD-05 and SD-06 showed slight contamination along Stream IB.
At the confluence of the northern drainage ditch and Stream IB, sample SD-03-01 showed
contaminant levels between those found along Stream IB and along the northern drainage ditch.
Location SD-04 is downstream of this confluence and appears to be an area where the stream flow
slows down before entering a storm water drainage pipe at the site perimeter.

The samples taken at locations SD-06, SD-07 and SD-08 were found to have EPA listed PAH and
phthalate contaminants. These locations were away from the main waterways, but within the areas
of site production activity The source of some of these contaminants may be from ofFsite activities;
however, it is also possible that contamination at the southwest corner of lot IB may have flowed
both north to the drainage ditch and east to Stream IB due to the natural site contours.

Round Two (February 1993)

The round two sampling event results were very consistent with those from Round One. The sample
at location SD-01-01 showed PAH, phthalate, carbazole and dibenzofuran contamination. Samples
SD-01-02, SD-02-01, and SD-02-02 had EPA listed PAH, phthalate and carbazole hits. In addition
SD-02-01 also showed 4-methylphenol contamination. The samples from locations SD-03-01, SD-
03-02, SD-05-01, SD-05-02, SD-06-01, SD-06-02, SD-10-01, SD-10-02, SD-12-01 and SD-12-02
showed both PAH and phthalate contamination. While sample location SD-04-02 showed one EPA
listed PAH and one phthalate hit, the upper sample SD-04-01 only showed one phthalate hit.
However, it should be noted that all the detection limits for this sample were very high and during
the Round One sampling, this location had many hits. Sample location SD-11-01 showed EPA listed
PAH, phthalate and carbazole hits, while SD-11-02 showed only EPA listed PAH and phthalate
contaminants.

Sample location SD-01 had high concentrations of EPA listed PAHs and phthalates, which was
consistent with the results found during Round One. The samples taken at the new location SD-12
just upstream of SD-01 showed very low levels of these contaminants. This location is the site of a
small trench at the west boundary of lot 1-B. Based upon the above information, the small trench is
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not a likely source to the contamination in the northern drainage ditch. The sediment samples taken
at locations SD-10 and SD-11 showed moderate levels of EPA listed PAH and phthalate
contaminants along the northern drainage ditch.

The sample analysis results from locations SD-02-01 and SD-02-02 showed the same contaminants
as found in the Round One samples from the same location, plus additional EPA listed PAHs,
phthalates and 4-methylphenol. The detection limits of the Round Two analyses were lower and may
explain why more contaminants were detected. The sample analysis results from locations SD-03-01
and SD-03-02 were the same order of magnitude as the Round One sample results from the same
location. The samples at SD-04-01 and SD-04-02 had some of the highest contaminant detection
limits; therefore, results for many compounds were below these levels. This location still seems to
have the highest contaminant concentrations.

Sample locations SD-05-01, SD-05-02, SD-06-01 and SD-06-02 still continued to show moderate
contaminant concentrations as compared to the downstream sample locations SD-03 and SD-04. SD-
02 showed approximately the same concentrations as these sample points. The highest contamination
is present at the three site perimeter sample points SD-01, SD-02 and SD-04 plus at the confluence
of the two site waterways (SD-03). The intermediate sample locations show moderate
concentrations. One reason for this may be that these are areas where the water flows are slowed due
to constrictions or direction changes.

1.4.3.1.3 Pesticides/PCBs

Round One (October 1992)

During this sampling event, pesticides where found only in the two upstream locations SD-01 and
SD-02. Samples SD-01-01 and SD-01-02 had concentrations of alpha-chlordane and gamma-
chlordane at levels between 75 and 140 ppb. Sample SD-01-02 also had a very low level
concentration of heptachlor. Sample SD-02-01 has a low concentration of endrinaldehyde, while SD-
02-02 showed a very low level concentration of endosulfan n. While no other sample analyses
showed any detection of these or other pesticides, the high levels of PCBs resulted in higher detection
limits in all but one sample. Consequently, no conclusion can be drawn on the prevalence of pesticide
contamination at the Chemsol Site or the possibility of off-site migration. In addition, no definite
conclusion can be drawn about the possibility of contaminant migration on site from adjacent
properties

PCBs were detected in most samples with the exception of SD-01-02, SD-02-01 and SD-02-02.
Three different PCB aroclors were detected, including aroclor-1248, aroclor-1254 and aroclor-1260.
The concentrations and aroclor delineation are described below.

A low concentration of aroclor-1254 was detected at the upstream sample location SD-01 at the
northern drainage ditch. At the upstream location on Stream IB no PCBs were detected; however,
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sample locations SD-05 and SD-06 along this stream had high concentrations of aroclor-1248 and
aroclor-1260. All other locations showed only aroclor-1254. Sample location SD-07-01 showed the
highest concentration of PCBs in Round One, specifically aroclor-1254. Sample SD-08-01 showed
this aroclor also. The two furthest downstream locations, SD-03 at the confluence of the two
waterways and SD-04 at the site boundary, showed high concentrations of aroclor-1254, between
5000 ppb and 6900 ppb.

It can be concluded from the results of Round One that PCB contamination is present on-site. There
does not appear to be a significant contribution of PCBs from off-site sources.

Round Two (February 1993)

During Round Two, pesticides were detected more frequently. Pesticides were found at locations
which did not show any hits in the Round One analyses and at the three new locations. Also, a wider
variety of pesticides were detected. Significant concentrations of several different pesticides were
detected in all samples except SD-02-01, SD-02-02, SD-06-02, SD-12-01, and SD-12-02. The
concentrations of pesticides ranged up to 290 ppb in sample SD-11-02. The next highest pesticide
hit was in sample SD-01-01, which also showed pesticide contamination in the Round One sampling.
Downstream sample location SD-04 also showed elevated pesticide concentrations. The pesticides
detected included alpha-BHC, heptachlor, heptachlor epoxide, endosulfan I, dieldrin, 4,4-DDE, total
endrin, endosulfan II, 4,4'-DDD, endosulfan sulfate, 4,4'-DDT, endrin aldehyde and gamma-
chlordane.

PCBs were detected in all samples except for SD-01-01. Aroclor-1248, aroclor-1254 and aroclor-
1260 were again detected in various samples. Concentrations ranged up to 6300 ppb in sample SD-
04-02 Upstream samples SD-01-02, SD-02-01, SD-02-02 showed moderate aroclor-1254
contamination. The downstream samples SD-03-01, SD-03-02 and SD-04-01 showed high
concentrations of aroclor-1254; however, SD-04-02 showed aroclor-1248 and aroclor-1260
contamination. This is not consistent with the Round One sample analyses from SD-04-02 which
showed aroclor-1254. The results from sample locations SD-05-01, SD-05-02 and SD-06-01 showed
high levels of aroclor-1260, while SD-06-02 showed a lower level of aroclor-1254. Sample location
SD-12, located upstream of SD-01, showed a low level of aroclor-1260. The new sample locations
along the northern drainage ditch showed high levels of aroclor-1254 contamination, with the highest
level at 6200 ppb

This round of sediment sampling showed a much more prevalent presence of various pesticides such
as 4,4-DDE and endosulfan n and an elevated concentration of PCBs in most sediment samples. The
Round Two data supports the conclusion from Round One that PCB contamination does not appear
to be coming onsite from outside sources.
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1.4.3.1.4 Metals/Cyanide

Round One (October 1992)

The Round One sample results for metals were consistent from sample to sample, with the exception
of SD-07-01 which had much higher concentrations of all metals in general. Thallium and antimony
concentrations were below detection limits in all samples. The highest concentrations of various
metals in the sediments are discussed below.

The aluminum concentration was highest in SD-07-01 at 34,200 ppm. Arsenic and barium
concentrations were highest in SD-03-02 at 7.10 ppm and 429 ppm, respectively. The highest
beryllium concentration was 3.30 ppm in SD-03-01-D. Cadmium was at 8.90 ppm in SD-03-02.
Calcium was highest in SD-03-01-D at 7940 ppm. Chromium was highest in SD-04-02 at 62.50 ppm.
The highest concentration of cobalt was 41.10 ppm in SD-07-01 . SD-02-02 showed the highest level
of copper at 324 ppm. The iron, lead, magnesium and manganese concentrations were highest in SD-
07-01 at 66,700 ppm, 405 ppm, 6200 ppm and 1410 ppm, respectively. Sample SD-03-02 showed
the highest mercury and nickel concentrations of 1 .50 ppm and 63.90 ppm, respectively. Potassium
levels were highest in SD-01-01 at 1540 ppm. Selenium was highest in sample SD-03-01 at 4.80
ppm. Silver concentrations were the highest in SD-03-02 at 4.60 ppm. Location SD-03-01-D
showed the highest sodium level of 372 ppm. The highest vanadium concentration was 201 ppm in
SD-07-01, while the highest level of zinc was found in sample SD-03-01 at 494 ppm.

Cyanide was below the detection limits in all the Round One samples. The sample detection limits
ranged from 0.65 ppm to 2.90 ppm.

Round Two (February, 1993)

The sample analyses for the Round Two event showed consistency from sample to sample, with
concentrations in the same general range. Thallium, selenium and antimony concentrations were
below detection limits in all samples. The highest metal contaminant concentrations are discussed
below.

Cyanide concentrations were below the detection limits in all the Round Two samples. Detection
limits ranged between 0.74 ppm and 2.70 ppm. Aluminum concentrations in SD-02-01 were the
highest at 20,600 ppm. SD- 10-01 showed the highest level of arsenic at 3 1 .70 ppm, while sample
SD- 10-02 showed the highest barium level at 447 ppm. The beryllium, cadmium and calcium
concentrations were highest in SD-03-01-D at 3. 10 ppm, 9.80 ppm and 6420 ppm , respectively. The
highest chromium concentration found was 198 ppm in SD-1 1-02. The level of cobalt was highest
in SD-1 0-01 at 41.80 ppm. Copper levels were highest in SD-03-01-D at 178 ppm, while iron levels
were highest in SD-10-02 at 57,300 ppm. Sample location SD-10-01 showed the highest lead
concentration of 298 ppm The highest magnesium level was 5,320 ppm, which was found in SD-01-
01 . Manganese was highest in SD-10-02 at a concentration of 4170 ppm. The mercury level was
highest in SD-1 1-02 at 7.10 ppm. Nickel concentrations were highest in SD-03-01-D at 53.00 ppm.
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SD-02-01 showedthe highest levels of potassium at 1820 ppm. Silver levels in SD-04-02 were the
highest at 7.60 ppm. The highest level of sodium detected was 417 ppm in SD-03-01. The highest
vanadium concentration was 99.80 ppm in SD-10-02 and the maximum zinc level detected was 416
ppm in SD-03-01-D.

1.4.3.1.5 Total Organic Carbon

Round One (October 1992)

All the total organic carbon (TOC) sample analysis results for the Round One event were rejected
during the data validation process. No data is available for this round.

Round Two (February 1993)

The TOC sample analysis results ranged from 16,300 ppm to 100,000 ppm for the Round Two
sediment samples. There were some significant differences in TOC between the upper and lower
samples at several locations. No significant correlations were noted amongst the various samples
along each individual waterway.

1.4.3.2 SURFACE WATER SAMPLE ANALYSES

With the exception of SW-09, all the surface water samples were taken at the site of the
corresponding sediment sample location. Sample SW-09 replaces the surface water sample which
could not be obtained at location SD-01. The surface water sample chemical analyses for Round One
and Round Two are presented in tabular form in Appendix J (CLP Form One) and in Appendix S of
the RI Report They include tables for the VOC results, SVOC results, pesticide/PCB results and
metals/cyanide results. The samples which had hits are presented in the following text. The summary
is presented by compound group and sample round.

1.4.3.2.1 Volatile Organic Compounds

Round One (October 1992)

The trip blanks and field blanks taken for this round of sampling showed between 13 ppb and 19 ppb
of acetone, indicating blank contamination for this compound. There was also 3 ppb of chloroform
and 0.60 ppb of methylene chloride in the second trip blank.

Surface water sample SW-02 was the only one to show acetone contamination; the result was 5.00
ppb. This may be due to laboratory contamination. This sample analysis did not detect any other
contaminant. Samples SW-03, SW-03-D, SW-04, SW-05 and SW-06 all showed 2.00 ppb of
chloroform, just slightly less than in the second trip blank sample. Samples SW-06, SW-07 and SW-
09 all showed low levels of bromodichloromethane.
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Sample SW-03 showed no other detected contaminants besides chloroform. SW-03-D had very low
level hits of total 1,2-dichloroethene and toluene. SW-04 has a very low level of total 1,2-
dichloroethene also. SW-05 had a very low level of 1,2-dichloropropane and total xylenes.
Bromodichloromethane as well as chloroform was detected in SW-06 at a very low level. Sample
SW-07 also showed a low level of bromodichloromethane, but no other VOCs. Sample SW-09 had
hits of chloroform, bromodichloromethane and dibromochloromethane. A location near monitoring
well TW-8 has historically shown high levels of chloroform in groundwater. Furthermore, the repair
of the leaking water main resulted in the disappearance of the surface water at these locations. SW-
08 showed no detected levels of VOCs.

Since the surface water tends to flow from the west to the east, any water at locations SW-07 or SW-
09 would eventually flow into Stream IB, affecting the water quality of samples SW-06, SW-05, SW-
03 and SW-04.

A total of three samples had contaminant concentrations which exceeded the surface water criteria
presented in the NJDEP Surface Water Quality Criteria (SWQC) N.J.A.C. 7:9B; however, none of
the sample analyses exceeded drinking water quality maximum contaminant levels (MCLs) as set forth
in N.J.A.C. 7:10. The SWQC for bromodichloromethane in FW2 waters is 0.266 ppb, which is lower
than the drinking water MCL. This was exceeded in three samples, SW-06, SW-07 and SW-09. The
chloroform level in SW-09 also exceeded the SWQC of 5.67 ppb, which is also lower than the
drinking water MCL. These three samples were all likely to have been affected by the leaking water
main spreading contamination from a possible source near monitoring well TW-8.

Round Two (February 1993)

The trip blanks and field blanks taken for the second round of sampling showed between 5 ppb and
40 ppb of acetone, indicating blank contamination for this compound. There was also 5 ppb of
chloroform in the sediment sample field blank; however, this does not affect the surface water sample
analyses No surface water samples had any detectable acetone or chloroform concentrations.

Surface water samples SW-01, SW-02, SW-03, SW-03-D, SW-10, SW-11 and SW-12 had no
detectable VOCs. This is fairly consistent with the results from Round One, which showed fairly
clean samples. Sample SW-04 showed moderate levels of total 1,2-dichloroethene and
trichloroethylene contamination at the site perimeter. Two of the three upstream samples in Stream
IB (SW-05 and SW-06) showed several VOCs at elevated concentrations. SW-05 had vinyl chloride,
total 1,2-dichloroethene, trichloroethylene, benzene, toluene, chlorobenzene, ethylbenzene and total
xylene at detectable concentrations. The sample analyses at SW-06 showed detectable concentrations
of methylene chloride, 1,1-dichloroethane, 1,2-dichloroethane, 1,1,1-trichloroethane, vinyl chloride,
total 1,2-dichloroethene, trichloroethylene, benzene, toluene and chlorobenzene.

During the first round, the surface water samples taken at SW-04, SW-05 and SW-06 showed only
very low concentrations of some VOCs, including chloroform and bromodichloromethane. The
repair of the leaking water main may have caused a reduction in the transport of chloroform and

July 21, 1997 1-68

400086



bromodichloromethane contamination via surface runoff to Stream IB from the area near monitoring
well TW-8. It is also possible that the water main leak was contributing to a dilution of the
contaminated surface water, resulting in the undetected VOCs during Round One. Without this
dilution effect, the Round Two data has shown the higher VOC concentrations in Stream IB.

In surface water samples SW-04, SW-05 and SW-06, contaminant concentrations exceeded the the
SWQC maximum concentrations for FW2 waters and the drinking water quality MCLs. The furthest
downstream sample at the site boundary SW-04 showed trichloroethylene levels which exceeded the
SWQC maximum concentration and the drinking water quality MCL. The level of total 1,2-
dichloroethene was also higher than the combined drinking water quality MCL for each individual
isomer.

SW-05 and SW-06 are located upstream from SW-04 and had many more contaminants which
exceeded the SWQC maximum concentrations and drinking water quality MCLs. At SW-05,
concentrations of vinyl chloride, trichloroethylene and benzene exceeded the SWQC and MCLs for
drinking water. Additionally, the concentrations of total 1,2-dichloroethene and chlorobenzene
exceeded the MCLs for drinking water. At SW-06, the concentrations of vinyl chloride, methylene
chloride, 1,2-dichloroethane, trichloroethylene, and benzene exceeded the SWQC maximum
concentrations and the drinking water quality MCLs. Additionally, the concentrations of total 1,2-
dichloroethene and chlorobenzene exceeded the MCLs for drinking water. The contaminant
concentrations in these samples were consistent with each other. The downstream sample SW-06
had two additional low level hits of methylene chloride and 1,2-dichloroethane which were not found
in SW-05.

1.4.3.2.2 Semi-Volatile Organic Compounds

Round One (October 1992)

The Round One SVOC surface water sample analyses were essentially non-detects. Both field blanks
showed butylbenzylphthalate at a fraction of a ppb; however, no samples had detectable
concentrations. Only one surface water sample had any detectable contaminants. The SW-02 sample
analysis showed a fraction of a ppb of di-n-butylphthalate. This concentration was below the SWQC
maximum concentration. There is no applicable drinking water MCL.

Round Two (February 1993)

The surface water samples taken during Round Two have shown several very low level contaminant
concentrations. The field blanks did not show any detectable levels of contaminants; however, the
reported detection limits of the blanks were much higher than the reported sample concentrations.
Only SW-04 and SW-11 surface water sample locations showed no detectable contamination.
Sample locations SW-03, SW-03-D, SW-06, SW-10 and SW-12 showed only very low
concentrations of di-n-octylphthalate, with no results greater than 2 ppb. SW-02 showed very low
concentrations of di-n-octylphthalate and bis (2-ethylhexyl) phthalate.
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The surface water sample at location SW-01 had several SVOC contaminants at fractional ppb levels,
including bis (2-ethylhexyl) phthalate, phenanthrene, fluoranthene, pyrene and benzo(b) fluoranthene.
The SW-05 analysis showed very low levels of 1,2-dichlorobenzene and naphthalene. All the
contaminant levels were below the applicable SWQC maximum concentrations and the drinking water
quality MCLs.

1.4.3.2.3 Pesticides/PCBs

Round One (October 1992)

All the surface water sample analysis results for pesticides and PCBs were below the detection limits
during Round One The field blank also showed no detected contaminants. The surface water
analyses of these samples taken during the Round One event does not show any exceedance of the
SWQC maximum concentrations or drinking water MCLs.

Round Two (February 1993)

During this sampling event no PCBs were found in any samples; however, pesticides were detected
in fractional ppb concentrations in some samples. Samples SW-03, SW-03-D, SW-10 and SW-11
all showed no detectable contaminant levels.

Detectable pesticide concentrations were found in the two upstream sample locations of the northern
drainage ditch (SW-01 and SW-12). SW-12 showed the presence of endosulfan II and SW-01
showed heptachlor epoxide and gamma-chlordane. The samples taken between these locations and
the confluence at Stream 1B were non-detect.

The samples taken along Stream IB all showed pesticide contaminants at very low levels. SW-02
at the upstream site boundary line had both 4,4-DDE and 4,4'-DDT detected. Samples SW-05 and
SW-06 were taken further downstream and showed the presence of mostly different pesticides. SW-
05 showed total lindane and heptachlor epoxide. SW-06 showed the presence of total lindane,
endosulfan I and 4 4-DDT The sample taken at the downstream site boundary, SW-04, showed only
total lindane present. Some of these pesticide contaminants may be migrating onsite from outside
sources, such as the 4.4-DDE and 4.4-DDT found at SW-02 and the heptachlor epoxide and gamma-
chlordane found at SW-01. However, no consistent pattern of pesticide concentrations were found
in the surface waters.

The surface water sample analyses at locations SW-01, SW-02, SW-05 and SW-06 exceeded the
SWQC of N.J.A.C.-7:9B for one or more pesticides. SW-01 exceeded the SWQC for heptachlor
epoxide and gamma-chlordane. SW-02 exceeded the 4,4-DDE and 4,4'-DDT SWQC. SW-05
exceeded the SWQC for heptachlor epoxide, while SW-06 exceeded the SWQC for 4,4'-DDT. No
drinking water MCLs were exceeded. Locations SW-04 and SW-12 had contaminant levels below
both the SWQC maximum concentrations and drinking water MCLs.
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1.4.3.2.4 Metals/Cyanide

Round One (October 1992)

The results of the Round One sampling data exhibit varying concentrations from one sample to the
next, with SW-07 and SW-08 generally having the highest metals concentrations. No samples
exceeded the SWQC maximum concentration or drinking water MCL for cyanide. All the sample
analyses were below the ARARs for barium, chromium, copper, nickel, selenium, sodium and zinc.
The concentrations of antimony, beryllium, silver, thallium and cyanide were below detectable limits
for all samples.

Calcium, cobalt, magnesium, potassium and vanadium have no applicable SWQC or drinking water
MCLs. The concentration ranges in the round one samples are summarized below. Calcium ranged
from 16,900 ppb to 42,100 ppb, cobalt ranged between non-detect and 13.30 ppb, magnesium ranged
from 4240 ppb to 9740 ppb, potassium ranged from 1150 ppb to 4790 ppb and vanadium ranged
between non-detect and 34.50 ppb.

Surface water samples SW-02, SW-03 and SW-03-D exceeded the SWQC for lead and manganese
and the drinking water MCL for aluminum, iron and manganese. SW-04 exceeded the drinking water
MCL for manganese only. This may indicate that surface water leaving the Chemsol site has
concentrations of metal contaminants which are low. SW-05 exceeded the SWQC maximum
concentration for manganese only; however, this sample also exceeded the drinking water MCLs for
aluminum, iron and manganese. The next sample downstream, SW-06, showed similar results. This
sample exceeded the SWQC maximum concentration for manganese and the drinking water MCLs
for iron and manganese. All these contaminants are secondary or aesthetic standards.

Sample SW-07 exceeded the SWQC maximum concentration for arsenic, lead, manganese and
mercury as well as the drinking water MCLs for aluminum, cadmium, iron, lead and manganese. The
cadmium and lead drinking water concentrations are considered primary MCLs. Sample SW-08 had
concentrations which exceeded the SWQC for arsenic, lead and manganese and the drinking water
MCLs for aluminum, iron and manganese. Sample SW-09 had concentrations which exceeded the
SWQC for lead and mercury, in addition to the drinking water MCL for aluminum.

Round Two (February 1993)

The Round Two surface water sample analyses vary slightly from one sample to another and also
from the results of Round One. Sample SW-02 generally had the highest contaminant concentrations.
No samples exceeded the SWQC/MCLs for cyanide and all the sample analyses were below the
SWQC maximum concentrations and drinking water MCLs for barium, beryllium, chromium, copper,
mercury, nickel, sodium and zinc. In addition, the concentrations of all samples were below
detectable limits for antimony, cadmium, selenium, silver, thallium and cyanide.

The sample concentration ranges for the metals which have no applicable SWQC/MCLs are
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summarized in the following text. Calcium concentrations in the round two samples ranged from
12,900 ppb to 47,800 ppb. Cobalt levels ranged between non-detect and 8.2 ppb. Magnesium
concentrations ranged from 4260 ppb to 11,900 ppb. Potassium concentrations ranged from 530 ppb
to 16,700 ppb. The levels of vanadium ranged between non-detect and 31.6 ppb.

Surface water samples SW-03, SW-03-D and SW-11 did not exceed any metals or cyanide
SWQC/MCLs. SW-01 and SW-02 showed concentrations which exceeded the SWQC for arsenic,
lead and manganese, plus the drinking water MCLs for aluminum, iron, lead and manganese. Sample
SW-12 also had SWQC maximum concentration exceedances for arsenic, lead and manganese. SW-
12 exceeded the drinking water MCL for aluminum, iron and manganese. SW-04 showed metals
concentration exceedances of the SWQC for manganese and of the drinking water MCLs for iron and
manganese These sample results might indicate that lead, arsenic and aluminum is migrating onsite
from other sources, but not leaving the site in the surface water Stream IB.

Samples from location SW-05 and SW-06 show a decrease in contaminant levels along Stream IB
from the point of entry onto the site. SW-05 and SW-06 showed contaminant levels in exceedance
of the SWQC for manganese and the drinking water MCL for aluminum, iron and manganese. SW-
06 also had a slight exceedance of the SWQC level for lead. Similarly, the surface water sample
along the northern drainage ditch showed a decrease in contamination. SW-10 metals concentrations
exceeded the SWQC for lead and manganese and the drinking water MCL for aluminum, iron and
manganese As stated above, SW-03, SW-03-D and SW-11 were below all SWQC/MCLs. The
round two data seems to indicate that the site is not adding metals or cyanide contaminants to the
surface streams.

1.4.4 SOILS

Existing Soil Contamination Prior to CDM Federal's RI

An unknown quantity of organic and inorganic chemicals were processed at the Chemsol site during
the 1950's and 1960's. Many spills occurred on the site during the period that the site was active.
In addition, several fires and explosions at the site have been documented. The site appears to have
reached its peak activity during the years 1961-1963. In all available aerial photographs, Lot 1A
outside of Lot IB appears undisturbed with wooded and shrub vegetation. However, Lot IB is
nearly completely cleared and heavily used west of Stream IB. Figure 1-27 is a schematic
representation of the past activities at the site based on historic aerial photographs. A small clearing
is seen in a circular pattern at the northeast corner within Lot IB and an apparent impoundment is
seen at the southeast corner of Lot IB. Additional areas of standing liquid and mounded materials
are found to the east and north of the fenced area The areas of standing liquid may have been low
points topographically and may have been a point for recharge to the overburden. Additionally,
several areas of mounded material are found in the southwest corner of Lot IB and west of the fence.
The remainder of Lot IB is nearly 80 percent covered with drums, tanks, and mounded materials.
Based on the EPIC aerial photographs, it has been determined that the eastern 2/3 portion of Lot IB
should be considered a probable source of contaminants, via residuals that remain in the site soils due
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to past activities aft the site.

Data from previous investigations indicate that PCBs, VOCs, SVOCs and metals are present in the
soil. Based on the analysis of the EPIC aerial photographs, it is probable that the compounds in the
site soil are residual contaminants remaining from the former chemical reprocessing operations. The
areas where the highest levels of contaminants are found correlate to those areas where past activities
most frequently occurred. A detailed discussion of past sampling is provided in the following
paragraphs.

Patterson initiated soil sampling activities in 1980. Thirteen soil samples were collected from within
Lot IB and analyzed for PCBs. NJDEP collected split samples of the soil for PCB analysis.
Patterson detected PCBs in 10 out of the 13 samples collected. Patterson's data ranged from non-
detect to 16 mg/kg. The samples collected by the NJDEP had concentrations ranging from non-
detect to 50 mg/kg. PCB contamination was found in the deepest samples collected (30 inches).
PCBs above 1 ppm were found consistently in what is now the fenced portion (old fence in center)
of the site.

Lancy conducted a more extensive sampling program in 1985. Eighteen of the twenty four locations
sampled indicated PCB concentrations greater than 1 mg/kg. PCB concentrations were found as high
as 300 mg/kg in the eastern half of Lot IB.

AGES collected additional soil sampling for PCB analysis in 1987. Samples were collected from four
intervals: 0-6 inches, 6-12 inches, 12-18 inches and 18-24 inches. PCB concentrations ranged from
non-detect to 351 mg/kg. In 1987, a fence was erected around the area in Lot IB believed to be the
most highly contaminated. Based on their 1987 sampling results, AGES began removing soils which
were determined to have PCB concentrations greater than 1 mg/kg. During the soil removal activities
in the summer of 1988, buried waste was found and was also excavated and removed by BES
Environmental Specialists. The buried waste was described as drums, bottles, jars, cans and wood.
In total, approximately 7,900 cubic yards of soil and buried waste were removed from the site. A
summary of the removal activities is in HLA's document titled Third Revision to the Work Plan for
the Characterization of the Unsaturated Zone and Confirmation of Removal of Buried Wastes and
Contaminated Soils. July 1990. Exact depths and locations of soil removal were not provided in the
HLA document. A bucket loader was used to scrape surface soils to "pre-determined" depths from
6 to 24 inches below grade. A second phase of sampling indicated that contaminated areas remained.
These areas were excavated an additional 6 inches. In the areas where buried wastes were found,
excavations generally terminated at the bedrock surface (HLA 1990). The berms on the northern and
eastern portions of the site were also sampled. Soils with PCB concentrations greater than 1 mg/kg
were reported to have been excavated, presumably to bedrock, although the depth was not described.

Post-excavation sampling conducted by AGES, consisting of test pits, grab samples and composite
soil scrapings from areas as large as 100 square feet, demonstrated that contaminated soil remained
on-site. The intent of post-excavation sampling was to determine residual PCB levels in the soils.
The post-excavation data presented in Appendix C of HLA's document, however, include samples
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taken from stockpiled soils as well as samples from newly exposed, un-excavated soils Many post-
excavation samples from unexcavated soils showed PCB concentrations in excess of 1 mg/kg. HLA
does not indicate that any additional soil removal was conducted in the areas where post-excavation
samples revealed PCB concentrations greater than 1 mg/kg.

Significantly less data has been collected by previous consultants regarding soil contamination with
VOCs. VOCs were detected in three out of five samples collected from Lot IB by Lancy in 1983.
Compounds detected included benzene, ethylbenzene, toluene, xylene, trichloroethene, tetrachlor-
oethene and chlorobenzene. The contaminated soils were found in the vicinity of well C-l.
Additional VOC data were collected by AGES during pre-excavation sampling. Volatile compounds
were detected in five of the 14 samples collected from 11 locations. All samples containing VOCs
were from locations within the fenced area (old fence in center of the site) and were typically
collected from a depth of six to twelve inches. Contaminants included benzene, tetrachloroethene,
ethyl benzene, chlorobenzene, 1,1-dichlorobenzene and 1,4-dichlorobenzene. The samples which
contained the highest concentration of volatiles were found in locations shown to have PCB
concentrations exceeding 1 mg/kg. Sixteen samples were also collected for VOC analysis during the
second phase of AGES sampling. No VOCs were detected. The results of VOC analysis are
provided in Appendix B of the RI/FS Work Plan.

The only metals data available are the EP Toxicity results performed on excavated soils. Seven
composite samples were collected from the stockpiled soils. Lead concentrations as high as 1126
mg/kg, barium concentrations as high as 127 mg/kg and arsenic concentrations as high as 726 mg/kg
were detected.

An electromagnetic survey was conducted by HLA in November 1989 to determine potential
locations of buried metal at the site Ten anomalies were discovered. Their locations are shown in
the RI/FS Work Plan. Test pits in these areas revealed sections of iron pipe and resinous material in
some areas No underground storage tanks were found.

CDM FEDERAL'S REMEDIAL INVESTIGATION

The soil investigations which were conducted for this RI study were described earlier in Section
1.2.4.5 These investigations will be summarized below in the next two paragraphs prior to their
evaluation for determining the nature and extent of contamination in the overburden soil.

The types of sampling analyses which were performed for the surface and subsurface soil samples are
listed in Tables 1-2 and 1-3 respectively, and their locations are shown in Figure 1-5. Three types
of analyses were performed: PCB field screening, laboratory analyses for Target Analyte List
Inorganics/Target Compound List Organics (TAL/TCL), and laboratory analyses for Toxicity
Characteristic Leaching Procedure (TCLP). The TCL organics list includes volatile organic
compounds (VOCs), Semi-VOCs (SVOCs), and Pesticides/PCBs.

PCB field screening was performed on a total of 166 surface and subsurface samples from unbiased
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and biased sampling locations (Groups B and C, respectively, in Table 1-1). Of these 166 samples,
47 surface and subsurface samples were selected for laboratory analyses for TAL/TCL (Group D in
Table 1-1) along with 56 surface and subsurface samples from Group A (Table 1-1), for a total of 103
TAL/TCL samples. Finally, eight subsurface samples (Group E in Table 1-1) were analyzed for
TCLP for hazardous waste determinations of soils for toxicity characteristic.

The New Jersey Soil Cleanup Criteria (NJAC 7:26D) will be used for determining the nature and
extent of organics and inorganics contamination. The "soil cleanup criteria" which were selected for
this project and the rationale used in their selection, are discussed in Section 1.4.4.1. It should be
noted that these numerical criteria serve as a basis for comparison with analytical sampling results.
Actual cleanup will be determined based on several factors including the risk assessment. The results
of the PCB field screening will be presented and evaluated in Section 1.4.4.2.

The results of the TAL/TCL analyses will be presented in Section 1.4.4.3. Evaluations to be
performed in this section include comparison of TCL Pesticides/PCBs results with the PCB field
screening results of Section 1.4.4.2 for determining the correlation between them (i.e., between field
screening and laboratory results), and comparison of TAL inorganics and TCL organics (VOCs,
SVOCs, and Pesticides/PCBs) results with the NJ Cleanup Criteria (Section 1.4.4.1) for determining
the nature and extent of soils contamination possibly requiring cleanup.

The TCLP results, which primarily impact potential disposal options for excavated soils, will be
discussed in Section 1.4.4.4. Finally the results of these evaluations pertaining to the nature and
extent of soils contamination possibly requiring cleanup are summarized in Section 1.4.4.5.

1.4.4.1 SOIL CLEANUP CRITERIA

The Revised New Jersey Soil Cleanup Criteria, dated March 5, 1994 (NJDEP, 1994), and the
associated proposed regulations, NJAC 7:26D, dated February 3, 1992 (NJDEP, 1992), were
reviewed for comparison with the analytical results for the Chemsol site.

Different generic soil cleanup criteria were provided in the regulations for Residential (more
conservative criteria) and non-Residential use. The Residential (Direct Contact) Surface Soil Cleanup
Criteria are based upon the protection of toddlers (the most sensitive human group) present 24 hours
a day. Compliance with these criteria will allow for unrestricted future use of the contaminated site.
Since the Chemsol site was re-zoned from industrial to residential in 1978, the Residential (Direct
Contact) Soil Cleanup Criteria are considered to be operative for the RI.

Generic soil cleanup criteria were also provided in the regulations based upon the protection of
groundwater quality and the intended uses of the groundwater in a particular area. Thus, the Impact
to Groundwater Soil Cleanup Criteria were likewise assumed to be operative for the RI.

It should be noted that the surface soils are a potential source of contamination to the subsurface and
groundwater. Therefore, in addition to being impacted by considerations of protection of humans
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through direct contact, the surface soils are also impacted by considerations of protection of
groundwater.

RI soils data have been compared to the cleanup criteria using two methods. The first method is
described below:

• Surface Soils <Top Two Feet of Soils')

For any given detected contaminant (in the surface soils), the "Residential Direct Contact
Soil Cleanup Criterion" specified in the regulations was selected as the cleanup criterion for
the purposes of the RI unless the "Impact to Groundwater Soil Cleanup Criterion" was more
conservative (i.e., of lower concentration), in which case the latter was selected instead as
the cleanup criterion for the RI.

If, for any given detected contaminant, only one of these two criteria is assigned a value in
the regulations, then that available value is chosen as the cleanup criterion.

If, for any given detected contaminant, neither one of these two criteria is assigned a value
in the regulations, then that contaminant is not included in the evaluations for determining
the nature and extent of soils which may require cleanup.

• Subsurface Soils (Deeper than Two Feet)

For any given detected contaminant (in the subsurface soils), the "Impact to Groundwater
Soil Cleanup Criterion" given in the regulations was used as the cleanup criterion for the RI.

If, for any given detected contaminant, a value is not assigned in the regulations for the
"Impact to Groundwater Soil Cleanup Criterion," then that contaminant is not included in
the evaluations for determining the nature and extent of soils which may require cleanup.

The "Impact to Groundwater Soil Cleanup Criteria" for inorganics are decided on a site-
specific basis. Therefore, for the purposes of the RI, the cleanup criteria which were selected
for inorganics in surface soils (Residential Direct Contact values) are also adopted for the
subsurface soils.

• For both Surface and Subsurface Soils

Per the regulations, (i) total organic contaminants, including total petroleum hydrocarbons,
shall not exceed 10,000 mg/kg; (ii) when total volatile organic contaminants are greater than
or equal to 1,000 mg/kg, the cleanup criterion for total volatile organic contaminants shall
be 1,000 mg/kg, except as provided in (iii) below; (iii) when total volatile organic
contaminants are present at concentrations greater than 100 mg/kg, but less than 1,000
mg/kg, the cleanup criterion shall be based on an evaluation of actual and potential impacts
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to any subsurface structures.

A second method, which is presented in Appendix W of the RI Report, analyzes the soils data based
on the approach currently used by the NJDEP. In this approach, the entire soil column is compared
on a contaminant-by-contaminant basis with the more stringent of either the Residential Direct
Contact or the Impact to Groundwater cleanup criteria.

1.4.4.2 PCB FTELD SCREENING RESULTS

The PCB field screening results are presented in Tables 1-17 and 1-18 for surface and subsurface soil
samples, respectively, and are shown in Figure 1-28. Of the 166 surface and subsurface samples
which were screened for PCBs from 83 boring locations, the following were the frequencies of the
various concentration levels:

• Surface (no PCBs) & Subsurface (no PCBs) - 48 locations
• Surface (1 to 5 ppm) & Subsurface (1 to 5 ppm) - 2 locations
• Surface (> 5 ppm) & Subsurface (1 to 5 ppm) - 2 locations
• Surface (1 to 5 ppm) & Subsurface (>5 ppm) - 1 locations
• Surface (> 5 ppm) & Subsurface (> 5 ppm) - 6 locations
• Surface (no PCBs) & Subsurface (1 to 5 ppm) - 1 locations
• Surface (1 to 5 ppm) & Subsurface (no PCBs) - 8 locations
• Surface (no PCBs) & Subsurface (> 5 ppm) - 1 locations
• Surface (> 5 ppm) & Subsurface (no PCBs) - 14 locations

Total 83 locations

It is evident from Figure 1-28 that the 35 hits (defined here as greater than 1 ppm either in the surface
or in the subsurface samples) are located primarily in the eastern half of Lot IB, where they are fairly
widespread. However, borings with no PCB screening detections are interspersed among the hits
locations, suggesting that PCB contamination may not be uniform in this area. Several hits were
located in the western half of Lot IB. Only three hits were located in Lot 1A - all along the length
of Stream IB, with one adjacent to the eastern boundary of Lot IB and the other two near the
intersection of Northern Ditch and Stream IB.

As was discussed before, laboratory analyses were performed for TCL organics, which includes
analyses for Pesticides/PCBs, at the boring locations given in Tables 1-2 and 1-3. The correlation
between the PCB field screening and laboratory results can thus be examined for all samples for which
both of these analyses were performed. This relationship will be studied in Section 1.4.4.3.1, where
the laboratory results for TCL Pesticides/PCBs are presented and discussed.

1.4.4.3 TAL/TCL ANALYTICAL RESULTS
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The surface and subsurface soil samples which were analyzed for TAL inorganics and TCL organics
(VOCs, SVOCs, and Pesticides/PCBs) are indicated in Tables 1-2 and 1-3, and their locations are
shown in Figure 1 -5. Copies of the CLP laboratory data sheets (Form Ones) of these results are
included in Appendix K of the RI Report. The Form One results are summarized in the
Environmental Data Manager (EDM) Data Tables which are included in Appendix S of the RI
Report. A more concise summary of these EDM Data tables, containing only those TAL/TCL
compounds which were detected in at least one among all surface and subsurface samples, are
included in Appendix S-1D. (These tables of detected compounds will hereafter be referred to as "hits
tables.") Also, in these hits tables (Appendix S-1D) the detected concentrations are compared with
the New Jersey Soil Cleanup Criteria (which were selected based on the first approach described in
Section 1.4.4.1) and those samples which equal or exceed the cleanup criteria are identified.

1.4.4.3.1 TCL Pesticides/PCBs

Based on the analytical results given in Appendix S of the RI Report, the total concentrations of TCL
Aroclors (PCBs) and TCL Pesticides/PCBs in surface and subsurface samples are summarized in
Tables 1-17 and 1-18, respectively. In Tables 1-17 and 1-18, comparing the PCB field screening
results with total TCL Aroclors (PCBs) results for samples for which both analyses were conducted,
reasonable correlation can be seen between the two types of analyses, i.e., samples with less than 1
ppm or greater than 5 ppm from PCB Field Screening generally tend to exhibit less than 1 ppm or
greater than 5 ppm from total TCL Aroclors (PCBs) analyses, respectively. Exceptions to this
general rule mainly involve samples exhibiting results in the moderate (1-5 ppm) range.

Comparing (in Tables 1-17 and 1-18) the total TCL Aroclors (PCBs) results with total TCL
Pesticides/PCBs results (which include pesticides as well as PCBs), the correlation was near perfect,
with one notable exception: in subsurface sample SB-74 (Table 1-18), the total Aroclors (PCBs)
result was less than 1 ppm whereas the total Pesticides/PCBs result was > 5 ppm.

From the above evaluations, the following two conclusions may be reached:

• Reasonable correlation exists between the field screening and laboratory results for PCBs,
and thus both sets of results could be used for estimating the nature and extent of
contamination for PCBs, and

• With one notable exception (Subsurface sample SB74-02), the TCL Pesticides/PCBs
contamination is primarily due to PCBs. In the case of SB74-02, the TCL Pesticides/PCBs
contamination is due to pesticides (primarily Toxaphene).

Contours of total TCL Aroclors (PCBs) in the surface and subsurface soils are included in Appendix
U of the RI Report. Surface and subsurface soil samples exceeding the New Jersey Soil Cleanup
Criteria (Appendix S-1D) for TCL organics (including TCL Pesticides/PCBs) are summarized in
Tables 1-19 and 1-20, respectively. It can be seen from Table 1-19 that at least one of the following
compounds:

July 21, 1997 1-78

400096



Aldrin; Dieldrin, 4,4-DDE; Toxaphene; and Aroclors 1248, 1254, and 1260 (PCBs) were above
the New Jersey Soil Cleanup Criteria (for TCL Pesticides/PCBs) for Surface Samples SB-04-01,
SB-09-01, SB-10-01, SB-14-01, SB-15-01, SB-16-01, SB-17-01, SB-38-01, SB-39-01, SB-43-
01, SB-46-01, SB-73-01, SB-74-01, and SB-75-01 (total 14 locations). Of these, SB-75-01
exhibited the highest total TCL Pesticides/PCBs concentration of approximately 540 ppm. These
locations are also shown in Figure 1-29.

1.4.4.3.2 TCL Volatile Organic Compounds

Contours of total TCL VOCs in the surface and subsurface soils are included in Appendix U of the
RI Report. Surface and subsurface soil samples exceeding the New Jersey Soil Cleanup Criteria
(Appendix S-1D of the RI Report) for TCL Organics (including TCL VOCs) are summarized in
Tables 1-19 and 1-20 respectively. It can be seen from these tables that at least one of the following
compounds:

Carbon tetrachloride; trichloroethene; tetrachloroethene; 1,1,2,2-tetrachloroethane;
chlorobenzene; and xylenes (total)

were above the New Jersey Soil Cleanup Criteria for surface samples SB 10-01, SB 16-01, SB43-01,
and SB46-01 (total four locations) and subsurface samples SB74-02 and SB76-02 (total two
locations). Of these, SB43-01 exhibited the total TCL VOCs concentration at 508.5 ppm. These
locations are also shown in Figure 1-29.

1.4.4.3.3 TCL Semi-Volatile Organic Compounds

Surface and subsurface soil samples exceeding the New Jersey Soil Cleanup Criteria (Appendix S-1D
of the RI Report) for TCL Organics (including TCL SVOCs) are summarized in Tables 1-19 and 1-
20, respectively. It can be seen from Table 1-19 that one surface sample, SB43-01, exceeds the New
Jersey Cleanup Criteria for one compound: Bis (2-ethylhexyl) phthalate. The total TCL SVOC
concentration at this sample was approximately 100 ppm. From Table 1-20, it is evident that no
subsurface samples equal or exceed the New Jersey Cleanup Criteria for TCL SVOCs.

1.4.4.3.4 Total TCL VOCS and TCL Organics

All samples which equaled or exceeded the New Jersey Cleanup Criteria for any of the TCL Organics
(VOCs, SVOCs, or Pesticides/PCBs), i.e., all samples included in Tables 1-19 and 1-20, are
compared to the New Jersey Cleanup Criteria for total VOCs and total organics.

From Tables 1-19 and 1-20, it is evident that no surface or subsurface samples exceed the limit of
10,000 ppm for total organics (including petroleum hydrocarbons). The highest detected total
organics concentration of approximately 671 ppm occurred in surface sample SB43-01.
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From Tables 1-19 and 1-20, for total TCL VOCs no surface or subsurface samples exceeded the
1,000 ppm limit. (If the 1,000 ppm limit was exceeded in any samples, the cleanup criteria would be
specified at 1,000 ppm for those samples.) The New Jersey Cleanup Criteria state that when the total
TCL VOCs are above 100 ppm but below 1,000 ppm, their cleanup standard shall be based on an
evaluation of actual and potential impacts to any subsurface structures. Two surface samples, SB 16-
01 and SB43-01 and one subsurface sample, SB76-02, have total TCL VOCs concentrations within
the 100 ppm to 1,000 ppm range (approximately 203 ppm, 508.5 ppm and 116 ppm, respectively).

1.4.4.3.5 TAL Inorganics

As was discussed before in Section 4.4.1, per New Jersey regulations pertaining to soils cleanup
(NJAC 7:26D), the "Impact to Groundwater Soil Cleanup Criteria" for inorganics are decided on a
site-specific basis. Therefore, for the purposes of the RI, the cleanup criteria which were selected for
inorganics in surface soils (Residential Direct Contact values) were also adopted for the subsurface
soils. The analytical inorganics results are compared with the above criteria (Residential Direct
Contact values) in Appendix S-1D of the RI Report.

Unlike organics contamination, inorganics occur naturally in the soils, and exhibit natural variability
in concentrations from region to region, locality to locality, and site to site. This must be considered
when reaching conclusions regarding the nature and extent of inorganics contamination. Appendix
W of the RI Report provides an assessment of inorganic soil contamination at this site.

Additionally, please note that surface and subsurface concentration contours for aluminum, iron,
manganese, and cadmium are included in Appendix U of the RI Report. Soil concentration contours
were generated for these parameters to study their relation to concentrations found in the
groundwater (i.e., to study whether the soils are acting as sources to groundwater contamination by
these parameters). These issues are discussed in Section 1.4.5.1.

1.4.4.4 TCLP ANALYTICAL RESULTS

Eight subsurface samples (SB-11-02, SB-29-02, SB45-02, SB-50-02, SB67-02, SB68-02, SB-78-02,
and SB83-02), which were collected evenly from Lot IB, were analyzed for TCLP parameters. The
results were compared with the hazardous waste regulatory levels for toxicity characteristic (40 CFR
261.24) From this comparison, all eight (8) samples were identified as being non-hazardous for the
toxicity characteristic

1.4.4.5 SUMMARY OF SOILS ANALYSES

The analyses performed in this section and in Appendix W can be summarized as follows:
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A. TCL Pesticides/PCB contamination consists primarily of PCBs;

B. PCB Field Screening results are reasonably well correlated with laboratory results;

C. The following compounds exceeded the more stringent of either the Residential Direct Contact
Cleanup Criteria or the Impact to Groundwater Cleanup Criteria: Carbon Tetrachloride;
Trichloroethylene; Xylenes; Copper; Tetrachloroethylene; 1,1,2,2-Tetrachloroethane; Bis(2-
ethylhexyl)phthalate; 1,2-Dichloroethene; Aldrin; Cadmium; PCBs; Anthracene; Chlorobenzene;
Antimony; Zinc; 4,4'-DDE; Toxaphene; Barium; Dieldrin; Lead; and Beryllium.

D. Of the compounds identified in Item C, the averages for the following compounds are less than
either the Residential Direct Contact or the Impact to Groundwater Cleanup Criteria: Carbon
Tetrachloride; 1,1,2,2-Tetrachloroethane; Bis(2-ethylhexyl)phthalate; 1,2-Dichloroethene;
Chlorobenzene; Antimony; Zinc; 4,4'-DDE; Copper; Tetrachloroethylene; Anthracene; Xylenes;
and Barium.

E. In general, PCBs are co-located with other compounds (such as Dieldrin, Aldrin, Cadmium, and
Trichloroethylene).

F. None of the eight TCLP samples were considered hazardous for the toxicity characteristic.

1.4.5 GROUNDWATER

EXISTING GROUNDWATER CONTAMINATION PRIOR TO CDM FEDERAL'S RI

The groundwater quality at and in the vicinity of the Chemsol site has been investigated for almost
twelve years. Available data from both the on-site and off-site wells have been tabulated (Appendix
A of the RI/FS Work Plan). The following paragraphs provide a summary of past groundwater
monitoring activities. Events are discussed chronologically for clarity. These data have then been
used to assess trends in water quality with time and vertical and horizontal variations in water quality.
There were 45 wells at the site in June 1992.

In June and July of 1980, NJDEP sampled wells tapping the bedrock aquifer in the vicinity of the
Chemsol site. This included private wells in the vicinity of the site, which are generally open from
50 to 150 feet below ground surface (BGS), and the two industrial wells located immediately south
of the site, which are open to more than 300 feet BGS. Figure 1-7 provides the location of
Residential Wells in the vicinity of Chemsol. All of the wells west of the site and most of the wells
east of the site contained at least one contaminant at a concentration near the detection limit. These
wells are not believed to be downgradient. An industrial well on South Clinton Street (east of the
site), contained 116 ug/1 tetrachloroethene and 3160 ug/1 trichloroethene. Three wells south of the
site contained VOCs at concentrations near the detection limit. One of the industrial wells located
immediately south of the site contained 2,751 ug/1 methylene chloride and elevated levels of several
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other compounds. (In addition, one of the residential wells, located in the Nova Ukraine area (located
approximately 1000 feet south of the site), contained 44 ug/1 tetrachloroethene.

In July 1980, Patterson sampled the former Chemsol production wel! (C-2), open to 305 feet in the
bedrock. (This sampling was repeated by the NJDEP in November 1980.) VOCs and SVOCs were
detected at several orders of magnitude higher than in the private wells. Pesticides and PCBs were
analyzed for but were not detected.

In 1980, Patterson installed the eight MW-series wells (MW-1 through MW-8) in the formerly active
center of the site. The wells were open through both the perched zone and the water table aquifer
(from 5-80 feet). Seven of the wells (MW-1 through MW-7) were sampled between June and
December 1980. The groundwater from all MW wells was contaminated with VOCs similar to those
detected in C-2; however, the majority of the wells contained higher concentrations than found in C-
2. It appears that most wells were contaminated with SVOCs. In general, contaminant levels were
very high in the center of the site. Distribution of contaminants appeared to decrease to the
southeast. Two of the seven wells were contaminated with pesticides; PCBs were detected in only
one well (MW-2), which contained 770 ug/1. The NJDEP split those samples collected in December.
Patterson prepared a comparison of the analytical data which indicated that the majority of analyses
conducted by the NJDEP had higher contaminant concentrations than the analyses by Patterson.

In August and October 1983, Lancy sampled selected MW-series wells for VOC analysis. The
samples collected in August were of stagnant well water and were intended to be used for a
treatability study. Well C-2 was re-sampled in November. Generally, the analytical results confirmed
the suite of VOCs detected during December 1980. Concentrations of most individual parameters
in the wells varied by more than an order of magnitude from the earlier sampling; however, the
variation was not consistently higher or lower and may be a result of differences in the sampling and
analytical procedures. Although well C-2 was reportedly sealed at some time after October 1983,
the sealing of this well was "reversed" and C-2 was completed as a monitoring well by CDM Federal
in 1994.

In November 1983, Lancy cored a test boring to 315 feet below grade in the location that is now well
C-l. Using a dual packer assembly, they pressure tested 10-foot intervals to determine the variability
in the permeability of the bedrock with depth. Each zone was then pumped and, if sufficient water
was removed, a groundwater sample was collected and analyzed for VOCs. Total concentrations of
primary contaminants remained fairly consistent (about 50,000 ug/1) to 270 feet below grade,
although the concentration of individual parameters varied. If the packers did not completely seal the
borehole, detected contaminants may have been pumped from other parts of the well. Below 270
feet, to the total tested depth of 300 feet, the total concentration of the indicator parameters was less
than 10 ug/1. Contaminants were similar to those detected previously in the MW wells. Seven feet
of steel casing was reportedly added to complete the boring as a well (C-l). The depth of the casing
in well C-l was confirmed during the RI.

In 1984 and 1985, 26 wells were installed at the site by Lancy. The new wells were designed to
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monitor the perched zone (the OW-series wells) and the water table (the TW-series wells). Eight
TW-series wells were installed and sampled by Lancy in August 1984 (TW-1 through -8). Five
additional TW-series (TW-9 through -13) wells were installed around the site perimeter; these and
the other eight TW-series wells were sampled in August 1985.

In December 1985, two more TW-series wells were installed and sampled (TW-14 and -15). The
NJDEP split some or all of the samples collected in 1984 and 1985. All samples were analyzed for
VOCs; the detected parameters were similar to those previously detected in the MW-series wells.
Wells located near the center of the site (TW-5) were the most highly contaminated; individual
compounds were frequently detected above 1,000 ug/1. Total concentrations of primary contaminants
ranged from 216 (TW-9 in the southeast corner of Lot IB) to 396,400 (TW-5 in the center of the
site) ug/1. At the upgradient northern and eastern site perimeters, no contaminants were detected
above detection levels. Contaminants were detected in wells at the western and southern site
perimeter, except at TW-14, which is off-site to the southwest. Total concentrations of primary
contaminants in perimeter wells were less than about 200 ug/1. The concentrations of individual
contaminants and total concentrations of primary contaminants remained fairly consistent in wells that
were sampled in both 1984 and 1985.

As expected, very high concentrations of contaminants were observed in the northeast corner of Lot
IB. Historical site operations and the groundwater flow pattern are factors that will contribute to
contaminant distribution. Since the concentrations of organics in the soil were generally lower than
the concentrations in the groundwater, it is possible that contaminants were either flushed from the
soil to the groundwater (through infiltration of water from the surface) or through some other method
(such as a possible injection of contaminated materials directly into the subsurface).

In December 1985, the two industrial wells and a private well south of the site were sampled by
Lancy (samples were again split with NJDEP). Only the industrial wells contained contaminants.
Total concencentrations of primary contaminants were 1,054 and 1,603 ug/1. In addition, the wells
contained up to 2,000 ug/1 tetrachloroethene (PCE), which is similar to the concentration (2,751 ug/1)
detected in 1980.

Well C-1 was permanently sealed below approximately 133 feet below grade in either late 1986 or
early 1987. It is reported that in July 1987, AGES conducted a 72-hour pumping test on C-1 above
133 feet BGS. During the pumping test, water quality samples were obtained to investigate
variability in the concentrations of VOCs with time. Total concentration of primary contaminants
remained fairly consistent (about 30,000 ug/1) during the test duration although the concentration of
individual parameters varied.

In 1988, AGES installed eight bedrock wells (DMW-series) to monitor ground water quality in two
zones beneath the TW wells. The wells were installed in clusters with existing TW-wells around the
center of the site and were open from either 200-250 feet or 300-325 feet BGS. Each DMW well
was sampled twice between January and June 1988 and the ground water analyzed for VOCs. The
detected parameters were similar to those detected in previously installed wells. However, total
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concentrations of primary contaminants generally decreased an order of magnitude in each
successively deeper well, though this trend was not consistent in wells in clusters at TW-4 and TW-9.

In October 1988, samples were collected in five of seven OW wells (perched zone) by AGES for
VOC analysis. These were the first reported water quality data for these wells. The suite of
compounds identified was similar to that previously detected in other site wells. However, total
concentrations of primary contaminants ranged from below detection levels to 460 ug/1, which is
lower than in water table (TW) wells.

In December 1988, selected TW wells were resampled by AGES. In most, the parameters and
concentrations detected were consistent with the results of the 1984 and 1985 sampling. However,
the total concentration of primary contaminants in TW-3 was approximately 1700 ug/1, which is three
orders of magnitude higher than previously detected. This well is located at the northwestern site
edge. The results indicate that some of the primary contaminants may be emanating from a
(secondary) off-site source. Alternatively, the increase could be a function of release of contaminants
from soils due to high activity (numerous excavations were conducted during 1988) or of variability
in analytical precision and accuracy.

In August 1989, private wells in the site vicinity were sampled for VOCs by NJDEP. HLA and the
Middlesex County Health Department also sampled residential wells in January 1990. All but one
of the wells were located in the Nova Ukraine area; however, only three of the wells had been
sampled previously. Of these, only one sample indicated concentrations significantly above detection
levels. The concentration of PCE in this well increased an order of magnitude from 1980 to
1989/1990. The majority of the remaining wells contained no VOCs or contained PCE at
concentrations near the detection levels (though at times exceeding the MCL). Well samples from
three residences on Franklin Street and a residence on St. Michael Street contained up to 310 ug/1
PCE

Non-contact cooling water effluent fed by the industrial wells immediately south of the site was
sampled from 1986 through 1990. Total concentrations of primary contaminants (approximately
1,500-2,000 ug/1) and PCE concentrations (approximately 600-800 ug/1) in these samples were fairly
consistent, but slightly lower than in 1985.

Between March and June 1990, HLA installed four wells (MW-100 series) that monitor
approximately the same two zones as the DMW-series wells (245-265 and 325-350 feet). During
installation of MW-101, located less than 100 feet west of C-l, HLA used packers to isolate ten-foot
sections of the borehole to a total depth of 220 feet below grade. Groundwater samples were
collected from each section for VOC analysis. Contaminant levels were fairly consistent throughout
the sampled intervals. As with C-l, this may have been a result of ineffective packer sealing. The
contaminants and concentrations were similar to those observed during the packer testing of C-l in
1983.

Between February and July 1990, all bedrock monitoring wells (except MWs 1 to 8) were sampled
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at least once by HLA. Ground water from all wells was analyzed for VOCs. Total concentrations
of primary contaminants in the TW-wells were similar to those previously detected. However, TW-1
contained 4,200 ug/1 of 1,2-dichlorobenzene (DCB), which had previously been detected at
concentrations near the detection level. Total concentrations of primary contaminants in TW-3
dropped three orders of magnitude to the concentrations detected prior to the increase detected in
1988, suggesting the 1988 results may have been anomalous. Contaminants were also detected for
the first time in upgradient wells TW-10 and TW-13, though near the detection limits. A new TW-
series well, TW-5 A, was sampled for the first time in 1990. This well was installed sometime
between 1986 and 1990 immediately adjacent to TW-5; though supporting documentation is
unavailable, it is generally believed that TW-5A was intended to replace TW-5, which had been
blocked. TW-5 was since rehabilitated and both wells were sampled in 1990. Though the contami-
nants were similar, total concentrations of primary contaminants in TW-5 A was half that detected in
TW-5.

During 1990, contamination in the DMW wells was similar to that detected in 1988. The drop in
contaminant concentration with depth at TW/DMW-series well clusters was also relatively consistent
with the 1988 results. Contaminant levels are highest around DMW-1, but are prominent throughout
the eastern portion of Lot IB. Two DMW-series wells were also sampled and analyzed for pesticides
and PCBs. However, no pesticides or PCBs were detected. Only wells MW-1 through -8 and C-2
had previously been sampled for these parameters, as discussed previously.

During 1990, the MW-100 series wells were sampled for the first time. Those installed at depths
greater than 300 feet below grade generally contained the same contaminants and concentrations as
found in the DMW-series wells open below 300 feet. The highest total concentrations of primary
contaminants are again found in Lot IB. MW-104 was installed south of the site and is open between
245 and 265 feet below grade This well contained 8700 ug/1 PCE, which was not detected onsite
at such high concentrations, but which has been consistently detected in the industrial wells
immediately south of the site and in some residential wells. TCE was also detected in MW-104 at
low levels (52 ug/1).

During 1990, samples from four wells (TW-5, DMW-1, DMW-6 and MW-101) were analyzed for
inorganics. Ground water had not been previously analyzed for inorganic parameters as part of site
investigations Twelve inorganics were detected in at least one well at concentrations of 1 ug/1 to
200,000 ug/1. However, only aluminum, iron and manganese exceeded existing or proposed
secondary MCLs. The MCLs for these three metals were exceeded at all wells, except DMW-1,
which did not contain aluminum.

By February 1991, all but three residences in the Nova Ukraine area south of the site were believed
to be connected to public water supply. These three residences were sampled in February by the
USEPA. VOCs occurred at concentrations near the detection limits. PCE exceeded the State MCL
at one location. In addition, another round of samples was collected from twelve homes in November
1992. In two wells, the State MCL was marginally exceeded; the rest were below the MCLs.
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In April 1991, Malcolm Pirnie sampled five OW-series wells, C-1 and all sixteen TW-series wells as
part of the Focused Feasibility Study. Groundwater from all wells was analyzed for TCL/TAL
parameters and selected additional parameters. VOC concentrations in three OW-wells in the center
of the site (OW-1, OW-2 and OW-4) were greater by several orders of magnitude over 1988 results.
Concentrations continued to be lower than in water table (TW-series) wells. The downgradient well
(OW-11) contained several contaminants near the detection limit. SVOCs in OW-wells were
generally higher than in other site wells. Total concentrations ranged from 2 ug/1 in OW-11 to 11,394
ug/1 in OW-1. Pesticides were also detected in the most highly contaminated OW-wells, but
concentrations did not exceed MCLs. PCBs and dioxin were not detected in the groundwater.
Inorganics were detected in all OW-series wells except OW-1, which was not analyzed for metals
(due to breakage of bottles during shipment). MCLs for metals were exceeded for lead (in OW-2 and
OW-4), iron (in all wells) and manganese (all wells except OW-10).

Total concentrations of primary contaminants in C-1 increased from 1987 to 1991 by an order of
magnitude. This well currently contains the highest concentrations of VOCs at the site. Pesticides
were also detected in C-1, but concentrations did not exceed MCLs. PCBs and dioxin were not
detected. Inorganic parameters were detected, with exceedance of the groundwater standards for
iron and manganese.

Contamination in TW-series wells remained similar to that detected in 1990. Less DCB was detected
in TW-1, but the concentration remained high. Total concentrations of primary contaminants in all
perimeter wells was generally at concentrations near detection levels. SVOCs in TW-series wells
were generally lower than in the perched zone (OW-series) wells. Total concentrations ranged from
undetected in TW-9, TW-11, TW-12, TW-13 and TW-15 to 1,573 ug/1 in TW-1. Pesticides, PCBs
and dioxin were not detected. Inorganics were detected in all TW-wells. MCLs were exceeded for
barium (in TW-2, TW-4 and TW-7), lead (in TW-1 and TW-14), iron (in all wells) and manganese
(in all wells). Inorganics in TW-5, which is the only well previously analyzed for inorganics, were
relatively consistent with those detected in 1990.

In summary, the historical data indicates that VOCs are the most pervasive groundwater contaminants
at the site and occur at the highest concentrations. Similar compounds occur in all contaminated
wells. Water in the perched zone is less contaminated with VOCs and more contaminated with
SVOCs than the water table wells. The bedrock aquifer becomes less contaminated with depth.
Furthermore, all the deepest wells at the site contain contaminants.

The highest levels of ground water contamination occur in the center of the site. Contaminant
concentrations have not changed significantly in this area between 1985 and 1991 except in C-1,
where contaminant concentrations have apparently increased (C-1 is currently the most highly
contaminated on-site well). Wells monitoring the water table at the site perimeter contain much lower
levels of contamination. MW-104, located south of the site and monitoring a deeper zone of the
bedrock aquifer, contains high concentrations of PCE. PCE is detected on-site, but does not occur
with great frequency nor at high concentrations. This contaminant, however, is the most frequently
detected in off-site wells, including the industrial wells located immediately south of the site.

July 21, 1997 1-86

400104



CDM FEDERAL'S REMEDIAL INVESTIGATION

1.4.5.1 GRQUNDWATER CONTAMINATION AT THE SITE

In this section, ground water sample analysis results (TCL organics and TAL inorganics) are
compared to the drinking water standards or maximum contaminant limits (MCLs) promulgated
under the Federal and New Jersey Safe Drinking Water Act (NJAC 7:10). The comparison will be
made in subsequent sections to determine which MCLs were exceeded in the two rounds of sample
collection. As stated earlier in Section 1.2.4.6.6, the first round of samples was collected in
March/April 1994 and the second round was collected in October 1994. The complete chemical
analyses for the two rounds of groundwater sampling are presented in tabular form in Appendix L
(CLP Form One) and in Appendix S of the RI Report. The VOC results, the SVOC results, the
pesticides/PCB results and the metals/cyanide results are presented in separate tables.

1.4.5.1.1 Volatile Organic Compounds

Round One

As expected, the groundwater at the site is heavily contaminated with volatile organics. This
observation is valid for wells screened in both the weathered bedrock and bedrock aquifers. Figure
1-30 shows a comparison of the sampling results with MCLs for all 49 wells. During the first round,
some of the sampling results for the samples from wells C-5 and TW-4 were rejected during the data
validation process.

In the weathered bedrock, the most heavily contaminated wells are OW-1, OW-2, OW-4 and OW-12.
In well OW-10, the MCL for TCE was marginally exceeded. Wells OW-11, OW-13, and OW-14
did not show any contamination.

In the bedrock aquifer, wells TW-1, TW-2, TW-3, TW-11, TW-15, C-8, C-9, DMW-2, MW-101 and
MW-103 show low levels of contamination (less than 30 ug/1 of total VOCs). Wells TW-10, TW-12,
TW-13 and TW-14 did not show any contamination. All other bedrock wells showed significant to
very high levels of contamination. As expected, well C-l showed the highest contamination with
530,190 ug/1 of total volatile organics. As described in Section 4.4 of the RI Report, the GEOSOFT
computer code was used to plot contours of the most significant contaminants. These are shown in
color (map view) for total volatile organics plus eight individual compounds - benzene, carbon
tetrachloride, chloroform, 1,2-dichloroethane, 1,2-dichloroethene, tetrachloroethene (PCE), toluene,
and trichloroethene (TCE) in Appendix T of the RI Report. Four separate maps are shown for each
of the parameters listed above: the groundwater in OW wells; the groundwater in bedrock wells
above the gray shale marker; the groundwater in bedrock wells between the gray shale marker and
the deep gray unit; and, the groundwater in bedrock wells below the deep gray unit. In addition, four
vertical cross sections are plotted (two along the dip of the bedrock and two along the strike of the
bedrock) for each of the nine parameters (Appendix T of the RI Report).
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Round Two

During round two, samples were collected soon after the interim groundwater remedy was
implemented. Samples could not be collected from two of the weathered bedrock wells because they
were dry: OW-1 and OW-14. In general, the sampling results were similar to those from round one,
with the following exceptions: wells OW-12 and TW-6 had significantly lower concentrations
compared to round one; wells TW-10, TW-12, and C-6 had very low contamination; and well
DMW-2 had a much higher level of contamination compared to round one.

I.4.5.1.2 Semi-Volatile Organic Compounds

Round One

During round one, some of the analytical results from 37 wells for semivolatile organics were rejected
during the data validation process due exceedance of holding times by the CLP laboratory. A large
variety of semi-volatile organic compounds were detected in the groundwater in well C-1. These
mainly consisted of phenols, dichlorobenzenes, trichlorobenzenes, and phthalates and are presented
in Appendix S-1E of the RI Report. Many of the semi-volatile organic compounds do not have
MCLs so the analytical results cannot be compared with numerical standards. The MCL for 1,2-
dichlorobenzene of 600 ug/1 was exceeded in wells OW-4, C-1, C-2, TW-1, and DMW-11. The
MCL for 1,4-dichlorobenzene of 75 ug/1 was exceeded in well TW-1. The MCL of 8 ug/1 for 1,2,4-
trichlorobenzene was exceeded in wells TW-5 and TW-5 A. Also, the MCL of 8 ug/1 for bis (2-
ethylhexyl) phthalate was exceeded in wells TW-2, TW-11 and C-4.

Round Two

During round two, the results of the sampling were similar to those for round one. However, some
the compounds that were detected are slightly different. Many of the semi-volatile organic
compounds do not have MCLs so the analytical results cannot be compared with numerical standards.
The MCL for 1,2-dichlorobenzene of 600 ug/1 was exceeded in wells OW-4, C-2, TW-1, and DMW-
II. The MCL for 1,4-dichlorobenzene of 75 ug/1 was exceeded in well OW-4, TW-1, and C-2. The
MCL of 8 ug/1 for 1,2,4-trichlorobenzene was exceeded in wells OW-4, C-1, C-2, TW-1, TW-5, TW-
5A, DMW-8, and DMW-11. Also, the MCL of 0.2 ug/1 for benzo(a)pyrene was exceeded in wells
C-7 and C-10 There does not appear to be any recognizable pattern to the distribution of semi-
volatile organic compounds.

1.4.5.1.3 Pesticides/PCBs

Round One

As stated in the discussion on historical results, very low levels of a large number of pesticides were
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detected in the groundwater at the Chemsol site. These include alpha- and delta-BHC, lindane,
heptachlor and heptachlor epoxide, aldrin, endosulfan I, dieldrin, 4,4-DDE, 4,4-DDD, 4,4-DDT,
methoxychlor, endrin aldehyde and ketone, and, alpha- and gamma-chlordane. One or more of these
pesticides were detected in wells C-l, C-2, C-4, C-5, DMW-5, MW-104, OW-1, OW-2, OW-4, OW-
12, OW-14, TW^, TW-5, TW-5A, TW-7, TW-9, and TW-15. However, no MCLs were exceeded.
No PCBs were detected in any of the 49 wells.

Round Two

The round two results were significantly different from the round one analytical results. The list of
pesticides that were detected was much smaller. Low concentrations of alpha- and delta-BHC,
lindane, heptachlor, endosulfan I, 4,4-DDT, endrin aldehyde, and alpha-chlordane were detected.
One or more of these pesticides were detected in wells C-2, C-4, C-5, DMW-7, DMW-8, DMW-9,
OW-2, OW-4, TW-5, and TW-5A. However, no MCLs were exceeded. The most significant
difference was that during round two PCBs were deteced in two wells. The MCL of 0.5 ug/1 for
Aroclor-1248 was exceeded in wells C-l (3.4 ug/1) and OW-4 (10 ug/1).

1.4.5.1.4 Metals/Cyanide

Round One

The groundwater at Chemsol has a large number of metals present resulting in a relatively high
dissolved solids content. This is consistent with the historical results discussed above. The most
widely distributed metals for which the MCLs were exceeded are aluminum, iron and manganese
which are all secondary MCLs. As described earlier, the GEOSOFT computer code was used to plot
contours of the most significant contaminants. These are shown in color for aluminum, iron, and
manganese in Appendix T of the RI Report. Four separate maps are shown for each of the
parameters listed above: the groundwater in OW wells; the groundwater in bedrock wells above the
gray shale marker; the groundwater in bedrock wells between the gray shale marker and the deepgray
unit; and, the groundwater in bedrock wells below the deep gray unit. In addition, four vertical cross
sections are plotted (two along the dip of the bedrock and two along the strike of the bedrock) for
each of the three parameters (Appendix T of the RI Report).

In addition to these three metals, several others such as barium, beryllium, cadmium, chromium,
copper, lead, nickel and sodium were detected in a few scattered wells above MCLs or action levels.
Barium was detected above the MCL of 2,000 ug/1 in wells C-l, OW-10, and TW-4. Beryllium was
detected above the MCL of 4 ug/1 in well OW-10 Cadmium was detected above the MCL of 5 ug/1
in wells OW-1 and TW-5. Chromium was detected above the MCL of 100 ug/1 in well C-7. Copper
was detected above the action level of 1,300 ug/1 in well TW-14. Lead was detected above the action
level of 15 ug/1 in wells OW-2, OW-10, TW-1, TW-14 and MW-104. Nickel was detected above the
MCL of 100 ug/1 in wells OW-10 and TW-5 A. Sodium was detected above the secondary MCL of
50,000 ug/1 in wells DMW-2 and MW-104. Also, the MCL of 200 ug/1 for cyanide was exceeded
in well C-l.
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Round Two

The round two results are very similar to those for round one. Once again the most widely
distributed metals for which the MCLs were exceeded are aluminum, iron and manganese which are
all secondary MCLs.

However, the list of other metals for which the MCLs or action levels were exceeded in a few
scattered wells is much shorter in round two. These include barium, lead and sodium. Barium was
detected above the MCL of 2,000 ug/1 in wells TW-4 and TW-5A. Lead was detected above the
action level of 15 ug/1 in wells OW-2, OW-4, OW-11, TW-1, MW-103 and MW-104. Sodium was
detected above the secondary MCL of 50,000 ug/1 in well MW-101. The MCL of 200 ug/1 for
cyanide was not exceeded in round two.

1.4.5.1.5 Summary

The results of the two rounds of groundwater samples indicate that VOCs are the most pervasive
ground water contaminants at the site and occur at the highest concentrations. They are present both
in the weathered bedrock and bedrock aquifers and are present at all depths. There are many wells
whose screened or open intervals straddle the two gray shale layers. Also, when well C-l was first
drilled, it remained as an open borehole to 315 feet BGS for several years, possibly allowing
contaminants to reach the deepest stratigraphic zones. However, there is a general trend that the
VOC contamination in the deepest wells is significantly lower than at shallower depths.

In addition to the VOC contamination, the metals aluminum, iron and manganese are present
throughout the site at concentrations significantly above their secondary MCLs. This is important
for the pump-and-treat remedy that is now in operation, because these metals may precipitate and
form a coating on the internals of process equipment. Although there are other metals for which the
MCLs or action levels were exceeded, this contamination appears to be randomly scattered and there
does not appear to be any discernable pattern.

Lower concentrations of a large variety of semivolatile organic compounds and traces of pesticides
and PCBs can also be found in the groundwater at Chemsol.

1.4.5.2 GROUNDWATER CONTAMINATION AT THE NOVA-UKRAINE SECTION

As discussed in section 1.3.5.2, it is unlikely that the residential wells of the Nova Ukraine subdivision
are in direct hydraulic communication with highly contaminated groundwater areas of the Chemsol
site. The volatile organics that have been detected in residential wells also indicate that the two areas
may be hydraulically separated.
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Table 1 -21 provides a selective comparison of onsite and offsite volatile organic groundwater
contamination. As evident in the table, and as expected, the highest concentration of total VOC
contaminants occurs onsite (well C-l). Also, the onsite wells generally have a higher number of
detected compounds than the offsite (e.g residential) wells.

The fourth column of Table 1-21 identifies the compounds that were detected in wells, but not
detected in well C-l. Note that in samples from three of the residential wells, trichlorfluoromethane,
dibromochloromethane, and chloromethane was detected. These three halogenated compounds were
not identified in any other well; thus, indicating a source of contamination other than the Chemsol site
has affected the groundwater in the Nova-Ukraine area.

Finally, and perhaps the most significant conclusion from this table, is the percentage of total VOC
contamination that is tetrachloroethene (PCE). As evident in the table, the percentage of this
contaminant in onsite wells is always less than 25, but usually less than 1. In groundwater collected
from the Nova-Ukraine residential wells, the percentage of VOC contaminants that is PCE is always
greater than 82 (with one exception). One residential well on New Brunswick Avenue had a
calculated value of 9.09%. The value may be skewed since the concentrations of the three
contaminants were all near the method detection limit and the total VOC concentration was 1.1 ug/1.
Values of PCE percentage at or near 100% are common in the offsite wells. Three wells that are
situated between onsite wells and the Nova-Ukraine Subdivision (TW-15, MW-104, and an industrial
well immediately south of the site) had detected PCE concentrations ranging from 44.11 to 99.41
percent of total VOCs.

The type of contaminants found in groundwater from the residential wells and the distribution of the
PCE as a percentage of total VOC contaminants suggests the following contaminant conceptual
model:

Comparatively small concentrations of PCE have migrated into the groundwater system due to
Chemsol activities as indicated by percent of total VOC contaminants in onsite wells to be near
1%. Since three similar contaminants (halogenated methanes) and much larger percentages of
PCE (commonly 90 to 100%) were detected in samples collected from the residential wells, an
offsite source for these contaminants is believed to be affecting groundwater in this area and not
the Chemsol site. The median range of PCE percentages in the wells between the two areas
suggests that this location was a mixing zone. The pumping activities that were performed at the
industry immediately south of the site (pumping activities at the facility have been reported to be
terminated since December 1990) may have contributed to creating a mixing zone at this location
between the two areas. These wells are open from approximately 40 to 340 feet BGS.

1.4.6 POTENTIAL FOR OCCURRENCE OF DNAPLS

DNAPLS (Dense Nonaqueous Phase Liquids) are separate-phase hydrocarbon liquids that are denser
than water, such as chlorinated solvents (either as a single component or as a mixture of solvents) and

July 21, 1997 1-91

400109



pesticides. Most DNAPLs undergo only limited degradation in the subsurface and persist for long
periods while slowly releasing soluble organic constituents to ground water through dissolution. Even
with a moderate DNAPL release, dissolution may continue for hundreds of years or longer under
natural conditions before all the DNAPL is dissipated and concentrations of soluble organics in
groundwater return to background levels.

DNAPL exists as free-phase DNAPL and residual DNAPL. When released at the surface, free-phase
DNAPL moves downward through the soil matrix under the force of gravity or laterally along the
surface of sloping stratigraphic units. As the DNAPL moves, blobs or ganglia are trapped in pores
and/or fractures by capillary forces. The amount of the trapped DNAPL, known as residual
saturation, is a function of the physical properties of the DNAPL and the area's hydrogeologic
characteristics. DNAPL can migrate preferentially through small-scale fractures, permitting the
DNAPL to penetrate much deeper than would be typically predicted.

During the RI bedrock coring activity, an ultraviolet fluorescence analysis technique was used to
evaluate whether DNAPL exists in the bedrock fractures. Another evaluation of the potential for
DNAPLs was performed (see Appendix X of the RI Report) using the RI groundwater sampling data
and the solubilities of the contaminants detected. Based on the ultraviolet fluorescence analysis
technique, DNAPLs were not directly observed in the bedrock cores. However, the evaluation
performed in Appendix X reveals that there is a high potential for DNAPLs to occur throughout the
site. Furthermore, representatives of the private parties have indicated that material resembling "tar
balls" was observed in the existing groundwater treatment system during performance of maintenance
activities. Therefore, it is likely that DNAPLs exist at this site.

1.5 CONTAMINANT FATE AND TRANSPORT

This section addresses the environmental fate and transport aspects of the contaminants identified in
Section 1.4.

Factors that can affect the rate of release and transport include characteristics of the media of
transport, physical/chemical characteristics of the contaminants, and interactions between the media
and the contaminants These factors have the potential to accelerate or hinder contaminant migration.

The transport media of concern are groundwater, surface water (via storm water runoff), and air (via
volatilization from surface soils and the release of chemicals through various potential future uses of
groundwater).

Since the primary movement of groundwater at Chemsol is in a vertical direction as indicated in
Section 1.3.5.1.3 earlier, and in studies of the upper weathered bedrock by McLaren Hart, the
discharge of groundwater into surface waters does not occur at the Chemsol site and is not a release
mechanism to be considered. Releases of contaminants to air from the groundwater may occur if
groundwater is used in future for showering, lawn watering, car washing, or other purposes. This
release mechanism is governed by the mass-transfer relationships, which are dependent on chemical
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volatility and the surface area through which the flux of contaminant migration takes place.

Migration of contaminants in groundwater is controlled in large part by the geologic and
hydrogeologic setting of a specific site. The hydrogeologic parameters governing groundwater flow
(e.g., permeability and porosity) play a dominant role in establishing the level of advection and
dispersion of contaminants in groundwater. Precipitation and dissolution are other factors which
affect solute transport.

The Chemsol site is immediately underlain by reddish/brown clays, silts and fine sands with some
gravel, depending on the location within Lots 1A and IB. These media tend to be of relatively low
permeability and would not easily facilitate transport of soluble contaminants. The sandy silt and clay
lenses identified in some borings, when present, however, would tend to retard groundwater and
contaminant movement. Groundwater flow direction and hydraulic conductivities were presented
in Section 1.3.5.1.3.

The overburden soils at the site range in thickness from 2 to 10 feet (generally 3 to 6 feet). Based
on visual observations and grain-size analysis performed by McLaren Hart, the surficial soils are
reddish/brown clays, silts and fine sands with some gravel, depending on location. Clays and silts are
most likely derived in-situ from the weathering of the underlying bedrock. In some places, the
original soil structure has been disturbed by removal and/or filling with other soil. Because of the
variability of the type of overburden soil, the hydraulic characteristics of the overburden are highly
variable across the site.

The bedrock is characterized by red interbedded siltstones, mudstones, shales and fine-grained
sandstones The uppermost bedrock section is highly weathered. This weathered section is of
variable thickness, extending to depths of 20 to 40 feet across the site. The weathered bedrock is
highly friable and contains appreciable clay matrix.

Transport of contaminants through groundwater will be affected by many of the same mechanisms
that affect release. In particular adsorption onto organic carbon in the soil will retard the movement
of organic chemicals. Biotransformation may also play a role in reducing contaminant concentrations
but may result in additional compounds being formed.

To characterize the behavior of each of the organic contaminants along the predicted flow path, their
physical and chemical properties were used to establish a scheme of relative mobilities. A
"retardation factor" was approximated for each compound found in the soil and groundwater samples
from Chemsol. These factors serve as estimates, within an order of magnitude, of the relative
mobilities of each compound.

As can be seen in Table 1-22, the ranges of retardation factors for all 69 organic and 11 inorganic
contaminants span several orders of magnitude. Using these values, contaminants were grouped into
5 categories and described in terms of their flow rate relative to ground water. This process of
assigning degrees of mobility allows the contaminants to be ranked according to their relative mobility
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along a theoretical pathway. These mobilities are presented for individual groups of contaminants.

Of the several classes of compounds detected in the soil and groundwater samples from Chemsol, the
ketones and halogenated hydrocarbons were found to be the most mobile. Compounds in this class
have very low retardation factors, with flow rates approximately equal to that of ground water.

In general, the PAHs, phthalates, PCBs, and pesticides have a moderate to low mobility, with flow
rates approximately one to three orders of magnitude slower than ground water. Both
benzo(k)fluoranthene and di-n-octylphthalate have very low mobilities, with an estimated flow rate
4 orders of magnitude slower than ground water.

The following potential routes of contaminant migration are important at the Chemsol site:

(1) Direct discharge of waste material onto the ground via surface spills, leaks and overfilling
of tanks, with subsequent adsorption of chemical contaminants on soils;

(2) The migration of chemical contaminants present in soil via surface runoff and windblown
dusts;

(3) The volatilization of chemical contaminants present in surface soil into the ambient air;

(4) Discharge of contaminated storm water runoff to downgradient surface waters (Stream IB
and the Northern Ditch);

(5) Percolation of precipitation resulting in leaching of soil contaminants into
groundwater.

(6) Uptake of chemical contaminants in soil by biota;

(7) Release of volatiles to the air from groundwater that might be used in the distant nature for
showering, lawn watering.

(8) Movement of groundwater within the bedrock aquifer due to offsite pumping.
(This route of migration has been altered by the start of the interim remedy in September
1994 for groundwater up to an approximate depth of 130 below ground surface.)

(9) Migration of chemical contaminants to groundwater from dense non-aqueous phase liquids.

1.6 RISK ASSESSMENT

The following sections summarize the risks to human health and the environment.
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1.6.1 BASELINE HUMAN HEALTH RISK ASSESSMENT

In the baseline human health risk assessment, surface soil, subsurface soil, air, ground water, surface
water, and sediment at the Chemsol, Inc. site were quantitatively evaluated for potential health threats
to human receptors via the ingestion, dermal contact, and inhalation routes of exposure. Receptors
including trespassers, residents (adults and children), site workers (employees), and construction
workers were evaluated under present and potential future land use conditions.

Chemicals of potential concern were selected for each matrix based on criteria outlined in RAGS
(USEPA, 1989a). The chemicals of potential concern included VOCs, SVOCs, pesticides/PCBs, and
inorganics.

Exposure routes and current or potential human receptor groups were identified and quantitative
estimates of the magnitude, frequency, and duration of exposure were made. Exposure points were
estimated using the 95 percent UCL calculation. Chronic and/or subchronic daily intakes for the
ingestion, dermal contact, and inhalation routes were calculated for the reasonable maximum
exposure (i.e., using 95 percent UCL concentrations and the 90* and 9$* percentile exposure
parameters).

In the toxicity assessment, current toxicological human health data were obtained from various
sources and were utilized. In the risk characterization, exposure and toxicity assessments were
integrated to generate quantitative estimates of potential carcinogenic risks and noncarcinogenic
health effects related to contaminants at the Chemsol site. The carcinogenic risks and
noncarcinogenic hazard index values calculated for the site are based on the reasonable maximum
exposure (the highest exposure reasonably expected to occur at a site). The intent is to estimate a
conservative exposure case that is still within the range of possible exposures.

In accordance with the National Oil and Hazardous Substance Pollution Contingency Plan (NCP)
Section 300.430 (e)(2) for known or suspected carcinogens, acceptable exposure levels are generally
concentration levels that represent an excess upper-bound lifetime cancer risk to an individual of
between 10"4 and 10"6, or a noncarcinogenic hazard index less than 1.

Human Health Risks and Hazards

The following discussion summarizes the results of the risk characterization for the Chemsol site.

Trespassers

All of the carcinogenic risks or noncarcinogenic hazard index values calculated for trespasser
exposure to surface soil, surface/subsurface soil, surface water, or sediment via the ingestion or
dermal contact route were found to be within USEPA's acceptable cancer risk range of 10"4 to 10"6
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and acceptable noncancer hazard index of one. A hazard index for trespasser dermal contact with
sediment could not be calculated due to the lack of noncarcinogenic toxicity values and dermal
absorption factors for several of the contaminants of potential concern.

Potential Future Site Residents

Surface Soil: Potential future residents in Lot 1A and Lot IB were quantitatively evaluated for
surface soil exposure via ingestion, dermal contact, and inhalation. The ingestion and dermal contact
routes of exposure in Lot IB exceeded the upper-bounds of the target risk range (i.e., greater than
10"4 -10"6) for carcinogenic risks. These risks were due largely to Aroclor 1248, Aroclor 1254, and
Aroclor 1260. In children ingestion of surface soil generated a hazard index value in exceedance of
1, largely due to manganese. No adult hazard index values exceeded one.

Surface/Subsurface Soil: Potential future site residents were quantitatively evaluated for
surface/subsurface soil exposure along the Effluent Discharge Line via the ingestion, dermal contact,
and inhalation of particulates routes None of these routes of exposure resulted in carcinogenic risks
in exceedance of the upper-bounds of the USEPA's target risk range. However, children ingesting
and inhaling contaminants in soils generated hazard index values in exceedance of one, due largely
to manganese. No hazard indices exceeded one in adults.

Air: Current residents living downwind of the site and potential future on-site residents were
quantitatively evaluated for the inhalation of VOCs in site air. Neither current downwind (off-site)
residents nor potential future on-site residents showed carcinogenic or non-carcinogenic risks in
exceedance of the USEPA's acceptable risk range.

Ground Water: Potential future site residents were quantitatively evaluated for site-wide ground
water exposure via the ingestion and inhalation of VOCs (during showering). For adults, both routes
of exposure showed carcinogenic risks in exceedance of the upper-bounds of the USEPA's target risk
range. The adult ingestion and inhalation risks were due to benzene, carbon tetrachloride,
chloroform, 1,2-dichloroethane, 1,1-dichloroethene, trichloroethene, and vinyl chloride. The child
ingestion risk (inhalation of VOCs was not quantitatively evaluated in children) exceeded the upper-
bounds of the USEPA's target risk range This risk was due to carbon tetrachloride, chloroform, 1,2-
dichloroethane, trichloroethene, and vinyl chloride.

The ingestion of ground water by adults and children showed hazard index values well in exceedance
of one The adult and child hazard indices were due largely to acetone, carbon tetrachloride,
chloroform, 1,2-dichloroethene (total), trichloroethene, and manganese.

Surface Water: Potential future site residents were quantitatively evaluated for surface water
exposure via the dermal contact route. No carcinogenic risks or noncarcinogenic hazard index values
exceeded the upper-bounds of the USEPA's 10"4 to 10"6 target risk range or target level of one.
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Sediment: Potential future site residents were quantitatively evaluated for sediment exposure via the
dermal contact route. No carcinogenic risks exceeded the upper-bounds of the USEPA's target risk
range. Noncarcinogenic hazard index values could not be calculated due to the lack of
noncarcinogenic toxicity values and dermal absorption factors.

Potential Future Site Workers/Employees

Surface Soil: Potential future site workers/employees in Lot 1A and Lot IB combined were
quantitatively evaluated for surface soil exposure via the ingestion, dermal contact and inhalation of
particulates. None of these routes of exposure resulted in carcinogenic risks or hazard index values
in exceedance of the USEPA's 10"4 to 10"6 target risk range for carcinogens or target level of one for
noncarcinogens

Surface/Subsurface Soil: Potential future site workers/employees were quantitatively evaluated for
surface/subsurface soil exposure along the Effluent Discharge Line via ingestion, dermal contact, and
inhalation of particulates routes. None of these routes of exposure resulted in carcinogenic risks or
hazard index values in exceedance of the upper-bounds of the USEPA's 10"* to 10"6 target risk range
for carcinogens or target level of one for noncarcinogens.

Air: Potential future site workers/employees were quantitatively evaluated for the inhalation of
VOCs in site air. No carcinogenic risk or noncarcinogenic hazard index values exceeded the upper-
bounds of the USEPA's 10"4 to 10"6 target risk range or target level of one.

Ground Water: Potential future site workers/employees were quantitatively evaluated for ingestion
of site ground water. The carcinogenic risk exceeds the upper-bounds of the target risk range and
is due largely to carbon tetrachloride, 1,2-dichloroethane, trichloroethene and vinyl chloride. The
hazard index exceeds the target level of one and is largely due to acetone, carbon tetrachloride,
chloroform, 1,2-dichloroethene (total), trichloroethene, and manganese.

Potential Future Construction Workers

Surface Soil: Potential future construction workers in Lot 1A and Lot IB combined were
quantitatively evaluated for surface soil exposure via ingestion, dermal contact, and inhalation. None
of these routes of exposure resulted in carcinogenic risks or hazard index values in exceedance of the
upper-bounds of the USEPA's 10" to 10"6 target risk range for carcinogens or target level of one for
noncarcinogens.

Subsurface Soil: Potential future construction workers in Lot 1A and Lot IB combined were
quantitatively evaluated for subsurface soil exposure via ingestion, dermal contact and inhalation.
None of these routes of exposure resulted in carcinogenic risks or noncarcinogenic hazard index
values in exceedance of the upper-bounds of the USEPA's 10"4 to 10"6 target risk range or target level
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of one.

Surface/Subsurface Soil: Potential future construction workers were quantitatively evaluated for
surface/subsurface soil exposure along the Effluent Discharge Line via ingestion, dermal contact, and
inhalation. None of these routes of exposure resulted in carcinogenic risks or noncarcinogenic hazard
index values in exceedance of the upper-bounds of the USEPA's 10"4 to 1CT6 target risk range or
target level of one.

Air: Potential future construction workers were quantitatively evaluated for the inhalation of VOCs
in site air. No carcinogenic risks or noncarcinogenic hazard index values exceeded the upper-bounds
of the USEPA's 10"4 to 1CT6 target risk range or target level of one.

Ground Water: Potential future site construction workers were quantitatively evaluated for site
ground water exposure via ingestion. The carcinogenic risk is within the USEPA's acceptable risk
range of 10"4 to 10"6 for carcinogens. The hazard index exceeds the target level of one and is due
largely to carbon tetrachloride, chloroform, 1,2-dichloroethene (total), and manganese.

In summary, a review of the overall carcinogenic risks for the various matrices and receptor
populations showed that potential future residential exposure to surface soil in Lot IB via ingestion
and dermal contact and to ground water via ingestion and inhalation of VOCs were in exceedance
of the upper-bounds of USEPA's target risk range of 10"* to 10"6. A review of the noncarcinogenic
hazard index values for the site matrices and receptors showed that present and/or potential future
child exposures to surface soil in Lot 1A and in Lot IB via ingestion, to surface/subsurface soil along
the Effluent Discharge Line via ingestion and inhalation of VOCs, and to contaminants in ground
water via ingestion exceeded the USEPA's target level of one. For potential future adult resident
exposure to ground water via ingestion, noncarcinogenic hazard index values exceeded the USEPA's
target level of one. For site worker (employee) and construction worker exposure to ground water
via ingestion, noncarcinogenic hazard index values exceeded the USEPA's target level of one.

1.6.2 ECOLOGICAL ASSESSMENT

The ecological assessment for the Chemsol site provides a qualitative estimate of the potential adverse
environmental risks associated with exposure to site-related contaminants in the absence of site
remediation The ecological assessment process included problem formulation, exposure assessment,
toxicity assessment, risk characterization, and uncertainty analysis.

It was determined that exposure of ecological receptors to site contamination was not likely to occur
via groundwater or subsurface soil. Exposure to site surface soil, sediment, and surface water,
however, were considered potential routes of exposure to ecological receptors.

Although the Chemsol site is located in a commercial/industrial zone with associated anthropogenic
influence, an ecological investigation (1992 and 1993) and communication with local ecological
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experts showed that onsite and adjacent offsite habitat could be used by wildlife. This habitat consists
of streams and drainage ditches, wetlands, old field, and forested upland areas observed during the
ecological investigation. No threatened or endangered species were observed during the site visit or
expected to occur on site. Figure 1-31 shows the locations of wetland areas.

Three potential ecological receptor species were chosen as indicator species for the site: the northern
short-tailed shrew (Blarina brevicauda), the American robin (Turdus migratorius), and the red-tailed
hawk (Buteojamaicensis).

Surface soil, sediment, and surface water data used for this evaluation were obtained as part of RI
sampling activities performed by CDM Federal from 1992 to 1994, and private party soil sampling
activities performed in June 1994.

Chemicals of potential concern in surface soils, sediment, and surface water were selected for
quantitative evaluation. The selection process for each compound involved.

Evaluation of detection frequency, maximum, and range of concentrations.
• Comparison to background concentrations.
• Comparison to applicable and relevant and appropriate requirements (ARARs).

Evaluation of physical/chemical properties.
• Consideration of potential toxicity.

The chemicals of potential concern included volatile organic compounds (VOCs), semivolatile organic
compounds (SVOCs), pesticides, polychlorinated biphenyl (PCB) congeners, and inorganic analytes.

Exposure for each of the selected ecological receptors to site-related chemicals in surface soil,
sediment, and surface water was determined in the exposure assessment. Ingestion and food web
transfer were considered the primary means of exposure to chemicals of potential concern and were
the only exposure routes evaluated. Exposure dose estimations were determined in the exposure
assessment. First, the level of potential dietary exposures to each chemical of potential concern for
each of the receptors was calculated. Then, the potential dietary exposures were modified into total
body dose estimates, which are directly comparable to ecotoxicological data used to assess the
ecological risks.

The toxicity assessment presents ecotoxicological data for the chemicals of potential concern. For
each of the selected ecological receptors, reference toxicity values (RTVs) were derived.

Concentrations of COCs in surface water and sediment samples from Stream IB, the northern
drainage ditch, the artificial wetland, and the seep were compared to ambient water quality criteria,
aquatic benchmark concentrations, and sediment quality criteria, respectively. Exceedances occurred
at each location. For surface water, the greatest number and magnitude of exceedances occurred in
the upstream/background location for northern drainage ditch (SW001). A number of exceedances
also occurred in the artificial wetland and seep. The greatest number and magnitude of exceedances
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for sediment occurred in the upstream northern drainage ditch location, SD01, and in the Stream IB
location, SD04.

Potential food chain risks to ecological receptors were assessed by comparing estimated exposure
levels (total body doses) with toxicological benchmark values (reference toxicity values). Exposure
levels were estimated using a conservative scenario, assuming ecological receptor exposure to
maximum concentrations of site-related COCs in surface soil in Lot 1A and IB. However, moderate
to high risks appear to exist for red tailed hawks, shrews, and robins, that come into frequent contact
with maximum concentrations of chemicals of concern.

The actual area of maximum site contaminant concentrations is small (and varied throughout the site)
in comparison to the rest of the site. Therefore, the conservative assumption that ecological receptors
contact only maximum contaminant concentrations may overestimate the potential ecological risk for
some receptors.

Exposures to surface soil in Lot IB and Lot 1A were evaluated separately because Lot 1A and IB
offer different types of habitats and possess different degrees of contamination.

The potential risks to the northern short-tailed shrew, the American robin, and the red-tailed hawk
were estimated by comparing maximum daily exposure doses (mg/kg body weight per day) for Lot
IB and 1A to RTVs derived for these species. The potential risk associated with exposure to
chemicals in surface soils was assumed to arise from exposure to COCs via incidental soil ingestion
and the potential consumption of contaminated food items in the diet of these three receptor species.
This risk evaluation considered a conservative scenario because maximum concentrations of COCs
are used in the risk calculations.

In weighing the uncertainty of the risk assessment, the frequency of the detection of COCs
contributing to the risk and the home range of an animal should be considered.

Lot 1A

The potential exists for adverse effects to shrews in Lot 1A. The major risk contributors to the
cumulative hazard index were arsenic, lead, mercury and vanadium. This risk evaluation indicates that
the potential for adverse effects to the shrew exists as a result of exposure to COCs in Lot 1A if this
animal and its food sources (i.e., terrestrial invertebrates) are consistently exposed to maximum
surface soil concentrations at the Chemsol site.

The home range for the shrew is small (less than 4 percent of Lot 1A). Because of the lack of
desirable off-site habitat as a result of the surrounding off-site urban development (e.g., apartments,
commercial buildings), Lot 1A would be expected to be habitat for the shrew in the vicinity.

The potential exists for adverse effects to robins in Lot 1 A. All COCs, except di-n-butylphthalate,
and Aroclor-1260 produce hazard quotients (HQs) greater than one. Mercury is the largest risk
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contributor. Other notable contributors include chromium, copper, silver, vanadium, and zinc. The
home range of the American robin is only 2 acres and only 7 percent of Lot 1 A; the robin may only
forage on Lot 1A and could experience adverse effects when consuming earthworms from Lot 1A.

The potential risk to the red-tailed hawk from chemicals in surface soils was assumed to arise from
exposure via ingestion of prey consisting of small insectivorous mammals inhabiting Lot 1A. The
potential exists for the red-tailed hawk to experience adverse effects associated with the ingestion of
prey obtained from Lot 1 A. The home range of the bird is large compared to the area of the surface
soil contamination. In addition, this evaluation has considered a very conservative scenario: that the
receptor will be consistently utilizing foodstuffs from Lot 1A.

Lot IB

The potential exists for adverse effects to shrews in Lot IB. The greatest contribution to the
cumulative hazard index was from lead. Other significant contributors included aldrin, arsenic,
vanadium, Aroclor-1248 and Aroclor-1260. Adverse effects attributed to nineteen of the remaining
COCs are possible.

This risk evaluation indicates that the potential for adverse effects to the shrew exists as a result of
exposure to site-related chemicals in Lot IB surface soil if the shrew and its food sources, terrestrial
invertebrates, are consistently exposed to maximum surface soil concentrations in Lot IB.
Considering the small home range for the shrew (7 percent of Lot IB) it is possible that some shrews
ingesting surface soil and earthworms from Lot IB may experience adverse affects. Because aldrin,
arsenic, vanadium, Aroclor 1248, and lead were frequently detected in surface soil and contributed
to the predicted risk, some shrews ingesting these COCs through their diet could experience adverse
effects

The potential exists for adverse effects to robins consuming earthworms and surface soil from Lot
IB. The greatest contributors include aldrin, dieldrin, 4,4' DDE, toxaphene, Aroclor-1248, Aroclor-
1254, Aroclor-1260, chromium, mercury, and vanadium. Other COCs were 4,4'-DDD, 4,4-DDT,
endrin ketone, antimony, cadmium, copper, lead, and zinc.

The home range of the American robin is approximately 15 percent of Lot IB. The high frequency
of detection of COCs considered major risk contributors along with the magnitude of their hazard
quotients indicates that some robins that ingest surface soil and eat earthworms from Lot IB may
experience adverse affects.

Adverse effects are possible for the red-tailed hawk eating prey for Lot IB. 4,4'-DDE, Aroclor-1254,
Aroclor-1248, and Aroclor-1260, were the major risk contributors of the eight COCs producing HQs
greater than one.

The potential for ecological risk to receptors utilizing Lots 1A and IB has been demonstrated. Lot
IB is a disturbed habitat due to historical development, previous removal activities, and continued
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use for remedial activities. Therefore, it does not appear that further analysis is required to provide
adequate information to support remedial decisions. Lot 1 A exists in a relatively undisturbed state,
offering available habitat. Therefore, an assessment using assumptions more representative of site
conditions was conducted to support decisions regarding potential remedial impacts to Lot 1A
habitat. As the risk to the hawk was low relative to the shrew and the robin, and any decisions
protective of the shrew should be protective of the hawk due to the exposure pathway, only the shrew
and the robin were considered as receptors in this assessment. To further focus the refinement of the
risk estimate, a subset of the ecological COCs that contribute the majority the potential risk, as
indicated by the highest HQs in the data tables, were assessed. The reference toxicity values used for
comparison were selected with the goal of reducing the uncertainty regarding the potential for
measurable, significant ecological impacts to occur in the field, yet still being appropriately
conservative. Sediment and surface water for Lot 1A were assessed using published ecological
screening values designed to be protective of benthic and water column receptors, respectively. The
results of the assessment indicate that there is a potential for risk from surface soils to small mammals
and birds, a potential for risk from sediment to benthic receptors, and no significant potential for risk
from surface water to water column receptors. While there is the potential for ecological risk from
surface soil and sediment, the potential risk appears to be low and should represent minimal impacts
if actually occurring in the field. Also, the assessment was still conservative (i.e., the assumptions
made would most likely overestimate the risk) and still retains a degree of uncertainty.

While actual site usage by the shrew and robin were not evaluated, these receptors were selected to
represent all of the small mammal and avian receptors potentially utilizing Lot 1 A because the shrew
and robin both exhibit feeding and behavioral patterns that would be expected to maximize potential
exposure. To ensure an adequately conservative estimation of exposure to surface soil
contamination, it was assumed that both the shrew and the robin fed exclusively on earthworms from
within Lot 1 A Earthworms were assumed to have a high potential for concentrating contaminants
in the soil and introducing them into higher trophic levels of the food chain. The shrew and robin
would also be expected to be exposed to a high incidental intake of contaminated soil due to capture
and consumption of the soil dwelling earthworms, burrowing (shrews), cleaning/preening, and nesting
(robins).

This refinement of the risk estimate indicates that the potential for ecological risk exists for terrestrial
receptors from soil contamination, as represented by the shrew and the robin. While data are not
available to confirm if impacts are actually occurring in the field, it may nevertheless be possible to
make recommendations regarding remedial decisions for Lot 1A without requiring confirmatory
investigations Such investigations, designed to more specifically measure the presence, extent, and
magnitude of any impacts actually occurring on a site, would typically be the next step based on a
screening level ecological risk assessment indicating that the potential for risk exists. However,
several factors combine for Lot 1 A to suggest that such a level of effort may not be warranted. The
majority of the contamination, and apparently the source of the contamination, appears to have been
Lot IB, which is presumably going to be remediated. There is no clear pattern of contamination in
Lot 1 A; maximum detected concentrations were not co-located, which would have indicated the
presence of 'hot spots' of contamination likely to increase the potential for risk. The assumptions
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used in assessing the risk were very conservative (e.g., receptors being continuously exposed,
contaminants being present in forms as bioavailable or toxic as reference toxicity values). Also, Lot
1A is one of the few remaining fragments of available habitat in the greater area. Its existence as a
forested wetland in such a developed watershed increases its habitat value. Regulatory protection
as a wetland may also allow it to remain viable habitat if it is not disturbed during any potential
remediation of this site. These factors would tend to support the assumption that, even if low levels
of impacts predicted in the screening level assessment were actually occurring in the field, the existing
value of the habitat in its current form appears to outweigh any negative impacts from contamination.
In further support of a risk management decision based on the results of the risk assessment, it should
be noted that the contaminants driving the risk for surface soils were limited to certain inorganics.
These selected inorganics with elevated HQs do not appear to significantly exceed concentrations
representative of typical suburban, or sometimes even rural, areas ("A Summary of Selected Soil
Constituents and Contaminants at Background Locations in New Jersey," prepared by the NJDEP
and dated September 1993). Therefore, remedial actions to address ecological risks due to surface
soil contamination in Lot 1A are not warranted.

Two tributaries join in Lot 1A before exiting the site to the north, where the stream enters an
underground culvert. After appearing to re-emerge from the culvert (continuity of the stream has not
been confirmed), the stream flows through a remnant forest stand to the northeast similar to Lot 1 A.
In Lot 1 A, the stream appears to primarily be narrow and have a relatively low gradient. The
presence of a benthic community in the streams in Lot 1A has not been confirmed; no surveys have
been conducted to inventory sediment dwelling organisms. However, based on field observations,
it does not appear that a characterization effort is warranted. It appears that at least portions of the
stream system in Lot 1A are not perennial. An intermittent nature may limit the potential for the
presence of benthic receptors, but overall this might be offset by an increase for terrestrial exposure
when the stream bed is exposed. The elevation of inorganic contaminants above conservative
screening values does indicate that additional ecological consideration should be given to the stream
system, but does not appear to be a significant concern for Lot 1A due to the very conservative
nature of the screening values used. While less conservative screening values are exceeded for select
inorganics, the locations are not co-located, reducing the potential for additive impacts, and do not
appear to greatly exceed concentrations expected in such a developed watershed. However, the
consistently elevated levels of Aroclor-1254 and Aroclor-1260 in the lower portions of the Lot 1A
streams raise ecological concerns. These compounds are highly bioaccumulative, and would be
expected to be taken up by benthic receptors and introduced into the food chain. While the nearly
headwater and potentially intermittent nature of the streams indicate that no significant benthic
community would typically be expected, the majority of the highest PCB contamination is at the
lowest end of the drainage gradient; this is the area with the highest potential to provide adequate
aquatic habitat to host benthic receptors. The potential for impacts to occur related to PCB
concentrations in the stream sediments in Lot 1 A, especially in light of the known association between
these COCs and the site, warrants further consideration.

As previously discussed for surface soil contamination, there is not adequate certainty that
measurable, significant ecological impacts are occurring to warrant destroying the habitat that is
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provided by the Lot 1A streams. It is also unclear if the PCB, and even inorganic, concentrations in
the stream sediment represent actual source areas of contamination or indicate the presence of a
migration pathway for contaminants from the more heavily contaminated Lot IB. Therefore,
remediation of contaminated sediments in Lot 1A to address ecological risks is not (at this time)
warranted. Instead, a monitoring program for sampling the sediments of the streams in Lot 1A may
be necessary in order to determine if PCB levels decline after the remediation of Lot IB. If PCB
levels do not decline, it may be appropriate to reconsider the potential for ecological impacts
associated with the PCBs at the conclusion of the monitoring period to determine if remedial actions
may be required.

Surface water was assessed using the USEPA AWQC. Heptachlor epoxide, DDT, cadmium, and
lead exceeded the AWQC continuous concentration (chronic) criteria in at least one sample in one
of the two rounds of sampling. None of the concentrations appear to have exceeded the AWQC
maximum (acute) concentration. As noted in the discussion of the sediments, it appears that at least
portions of the stream in Lot 1A are not perennial, and no investigation has been made to survey for
the presence and/or type of aquatic community in Lot 1 A. The low levels of COCs in the surface
water and their inconsistent detection at levels exceeding screening values indicates that little to no
potential for ecological risk exists in Lot 1A associated with surface water. Therefore, remedial
actions do not appear to be required to address surface waters in Lot 1A. However, it may be
appropriate to include surface waters in any long-term monitoring plan for the streams in Lot 1 A.

1.7 BASIS FOR CONDUCTING FEASIBILITY STUDY

This FS is based on the following goals and assumptions:

Based on the findings of the RI, it is clear that soil and groundwater require remediation and that
surface water and sediments in Stream IB should be monitored. Hence this FS will focus on remedial
alternatives for soil and groundwater. An examination of the nature and extent of soil contamination
(Section 1 4) indicates that in general, human health risks are primarily due to PCBs and lead in
surface soils (0'-2f below grade). Therefore EPA has determined that remediation of surface soils is
an appropriate response to soil contamination at the Chemsol site. Remediation of PCBs to 1 mg/kg
and lead to 400 mg/kg will address the human health risks posed by surface soils. Additionally,
remediation in those locations of Lot IB where the subsurface PCB concentration exceeds 1 mg/kg
is consistent with the goal of unrestricted use of the property with regard to soils. For groundwater,
the most stringent of Federal and NJ MCLs are the clean-up goals.

Restore the presently vacant and abandoned site to beneficial use based on its current zoning as
a residential property (except for portions of the site that are used for groundwater extraction,
treatment and discharge).

Prevent/minimize offsite migration of groundwater contamination in the fractured bedrock aquifer.
Fully contain the contaminated groundwater (that which is above Federal and State MCLs) from all
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depth zones and, as an element of containment, reduce the mass of contaminants to the maximum
extent possible. Augment the existing interim remedy as necessary, in order to achieve these goals.
Aquifer restoration is highly unlikely in this fractured bedrock. It should be noted that the treatment
processes that are part of the existing treatment train in the existing interim remedy groundwater
treatment plant (as designed) are sufficient to treat all of the types of contaminants present in the site
groundwater.

Permit/promote the infiltration of precipitation within the capture zone of the groundwater extraction
wells, so that contaminants present and trapped in the dewatered portions of the fractured bedrock
are flushed into the groundwater for subsequent removal and treatment.

Implement Institutional controls (such as the establishment of well restriction areas) to prevent human
exposure to contaminated groundwater.
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Section 2.0



2.0 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES

2.1 INTRODUCTION

The purpose of this section is to present the development of remedial action objectives and to
identify, screen, and select the most appropriate technologies to address the soil and groundwater
contamination at the Chemsol site. The most representative technology types and process options
are combined in Section 3.0 into remedial alternatives for the contaminated groundwater plumes
and vadose zone soils.

The identification and screening of remedial technologies is carried out in a step-wise manner.
First, site-specific ARARs and TBCs are identified (Section 2.2). Then, remedial action
objectives are developed in Section 2.3 based on the characterization of contaminants, the risk
assessment, and compliance with ARARs. The area of contamination within the Chemsol site,
and the volume of the contaminated media to which general response actions may be applied are
quantified in Section 2.4. General response actions, which address the groundwater and soil
contamination problems and meet the cleanup goals and objectives are identified in Section 2.5.
Potential technologies associated with each response action are identified in Section 2.6, and
screened to eliminate those that are inappropriate for the conditions at Chemsol. Finally,
representative process options are evaluated and selected in Section 2.7 for each technology type
retained for consideration. Although specific processes are selected for development and
evaluation of remedial alternatives, these processes are intended to represent the broader range of
process options within a general technology type. Utilization of process options provides greater
flexibility in the final design, while simplifying the FS process.

2.2 SITE-SPECIFIC APPLICABLE OR RELEVANT AND APPROPRIATE
REUIREMENTS (ARARs) AND TO BE CONSIDERED HUCs)

The primary concern during the development of remedial action objectives for hazardous waste
sites under CERCLA or "Superfund", is the degree of protection afforded by a given remedy to
human health and the environment. Section 121 (d) of SARA and the NCP (40 CFR 300; March
8, 1990) require that primary consideration be given to remedial alternatives that attain or exceed
ARARs. The purpose of this requirement is to make response actions executed under CERCLA
comply with all pertinent Federal and (New Jersey) State environmental requirements. State
requirements must also be attained under Section 121 (d)(2)(c) of SARA, if they are legally
enforceable and consistently applied statewide. EPA has indicated that ARARs must be identified
for each site on the NPL.

This section provides a preliminary determination of the regulations that are applicable or relevant
and appropriate to the Site-Wide RI/FS. Both Federal and State environmental regulations and
public health requirements are considered. In addition, this section presents an identification of
Federal and State criteria, advisories, and guidance that could be used for evaluating remedial
alternatives.
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2.2.1 DEFINITION AND TYPES OF ARARs AND TBCs

Applicable, or relevant and appropriate requirements, are referred to as ARARs. In 40 CFR
300.5, the Environmental Protection Agency (EPA) defines Applicable Requirements as "those
cleanup standards, standards of control, and other substantive requirements, criteria, or limitations
promulgated under Federal environmental or State environmental or facility siting laws that
specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or
other circumstance found at a CERCLA site". Applicable requirements must directly and fully
address the situation at the site. Further, Applicable Requirements are those requirements
promulgated under Federal or State laws that would be legally applicable to the response action
if that action were not taken pursuant to Sections 104 or 106 of CERCLA.

In 40 CFR 300.5, EPA defines Relevant and Appropriate Requirements as "those clean-up
standards, standards of control, and other substantive requirements, criteria, or limitations
promulgated under Federal environmental or State environmental or facility siting laws that, while
not "applicable" to a hazardous substance, pollutant, contaminant, remedial action, location, or
other circumstance at a CERCLA site, address problems or situations sufficiently similar to those
encountered at the CERCLA site that their use is well suited to the particular site". Relevant and
appropriate requirements are intended to have the same weight as applicable requirements.

Actions must comply with State ARARs that are more stringent than Federal ARARs. State
ARARs are also used in the absence of a Federal ARAR, or where a State ARAR is broader in
scope than the Federal ARAR. In order to qualify as an ARAR, State requirements must be
promulgated and identified in a timely manner.

ARARs are not currently available for every chemical, location, or action that may be
encountered. For example, there are currently no ARARs which specify clean-up levels for soils
(other than the NJ Soil Cleanup Criteria and the proposed corrective action standards in
Appendices A, B and C of the Subpart S requirements of 40 CFR 264 under RCRA [55 FR
30865, July 27, 1990]). When ARARs are not available, remediation goals may be based upon
other Federal or State criteria, advisories and guidance, or local ordinances. In the development
of remedial action alternatives, the information derived from these sources is termed To Be
Considered and the resulting requirements are referred to as TBCs. EPA guidance allows cleanup
goals to be based upon non-promulgated criteria and advisories such as reference doses when
ARARs do not exist, or when an ARAR alone would not be sufficiently protective in the given
circumstance.

Section 121 of SARA requires that the remedy chosen for a CERCLA site must attain all ARARs
unless one of the six conditions (under which compliance with ARARs may be waived) is
satisfied. These are:

(1) the selected remedial action is an interim remedy or a portion of a total
remedy which will attain the standard upon completion;



(2) compliance with such requirements could result in greater risk to human
health and the environment than alternate options;

(3) compliance with such requirements is technically impracticable from an
engineering perspective;

(4) the selected remedial action will attain an equivalent standard of
performance;

(5) the requirement has been promulgated by the State, but has not been
consistently applied in similar circumstances; or,

(6) compliance with the ARAR will not provide a balance between protecting
the public health and the environment at this site with the availability of
funds for response at other sites.

ARARs are used as a guide to establish the appropriate extent of site cleanup; to aid in scoping,
formulating and selecting proposed treatment technologies; and to govern the implementation and
operation of the selected remedial alternative. Primary consideration should be given to remedial
alternatives that attain or exceed the requirements of the identified ARARs. Throughout the
RI/FS, ARARs are identified and utilized by taking into account the following:

Contaminants suspected or identified to be at the site

Chemical analyses performed, or scheduled to be performed

Types of media (air, soil, ground and surface water)

Geology and other site characteristics

Present/future use of site resources and media

Potential contaminant transport mechanisms

Purpose and application of potential ARARs

Remedial alternatives considered for site clean-up

ARARs and TBCs are both used during the FS process to evaluate the remedial alternatives.

ARARs and TBCs fall into three broad categories, based on the manner in which they are applied
at a site. These categories are as follows:

• Contaminant specific - These ARARs and TBCs define acceptable exposure levels
for a specific chemical in an environmental medium and are used in establishing
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preliminary remediation goals. They may be actual concentration based cleanup
levels, or they may provide the basis for calculating such levels. Examples of
contaminant-specific ARARs are MCLs for drinking water or ambient air quality
standards.

Location-specific - These ARARs and TBCs set restrictions on remedial activities
at a site due to its proximity to specific natural or man-made features. Examples
of natural site features include floodplains or wetlands. Examples of man-made
features are local historic buildings and structures.

Action-specific - These ARARs and TBCs set controls or restrictions for particular
treatment and disposal activities related to the management of hazardous
substances. Examples of action-specific ARARs are effluent discharge limits and
hazardous waste manifesting requirements.

2.2.2 CONTAMINANT SPECIFIC ARARs AND TBCs

Potential Federal and State contaminant-specific ARARs and TBCs that apply to Chemsol, are
presented in Table 2-1. All of the ARARs and TBCs listed provide some specific guidance on
"acceptable" or "permissible" concentrations of contaminants in air, drinking water, treatment
residues, etc., at the site. A brief discussion of some of the contaminant-specific ARARs and
TBCs is presented below.

The Clean Air Act of 1976 (42 USC 7401) governs air emissions resulting from remedial actions.
National Ambient Air Quality Standards (NAAQS) were promulgated under the Clean Air Act.
NAAQS are available for six chemicals or groups of chemicals and for airborne particulates. The
sources of the contaminant and the route of exposure were considered in the formulation of the
standards, but the costs of achievement and the feasibility of implementing them were not
considered. The NAAQS allow for a margin of safety to account for unidentified hazards and
effects. During site remediation, it will be necessary to keep paniculate emissions to a minimum.

Section 112 of the Clean Air Act defines the National Emissions Standards for Hazardous Air
Pollutants (NESHAPs). NESHAPs are available for several compounds found at the site. A
number of other pollutants are recognized as hazardous, but no emissions standards have been
developed for them. In these cases, other guidelines such as reference doses or carcinogenic
potency factors may be useful.

The Safe Drinking Water Act (SDWA) promulgated National Primary Drinking Water Standard
MCLs (40 CFR 141). MCLs are enforceable standards for contaminants in public drinking water
supply systems. They are based on health risks, as well as the economic and technical feasibility
of removing a contaminant from a water supply system. EPA has also proposed Maximum
Contaminant Level Goals (MCLGs) for several organic and inorganic compounds in drinking
water. The NCP recognizes non-zero MCLGs as ARARs in groundwater classified as drinking
water. MCLGs are nonenforceable guidelines that do not consider the technical feasibility of
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contaminant removal. Secondary MCLs (40 CFR 143) are not enforceable, but are intended as
guidelines to protect the public welfare. Contaminants covered are those that may adversely affect
the aesthetic quality of drinking water, such as taste, odor, color, and appearance, and may deter
public acceptance of drinking water provided by public water systems. SDWA requirements are
applicable to groundwater treatment alternatives.

EPA Health Advisories are nonenforceable guidelines, developed by the EPA Office of Drinking
Water, for chemicals that may be intermittently encountered in public water supply systems.
Health advisories are available for short-term, long-term, and lifetime exposures for a 10 kg child
and/or a 70 kg adult. Health advisories may be applicable for remedial actions involving
groundwater treatment, especially for contaminants that are not regulated under the SDWA.

EPA Ambient Water Quality Criteria (AWQC) were developed for 64 pollutants in 1980, pursuant
to Section 304(a)(l) of the Clean Water Act. In 1984, EPA revised nine criteria previously
published in 1976 (Quality Criteria for Water) and in the 1980 documents. AWQC are not legally
enforceable, but have been used by many states to develop enforceable water quality standards.
AWQC are available for the protection of human health from exposure to contaminants in drinking
water and from the ingestion of aquatic biota and for the protection of freshwater and saltwater
aquatic life. AWQC may be applicable to those remedial actions which involve groundwater
treatment and/or discharges to surface water.

NJDEP Groundwater Quality Standards were developed under the Water Pollution Control Act
(N.J.S.A. 58:10A-1 et seq.) and the Water Quality Planning Act (N.J.S.A. 58:11A-1 et seq.)
to protect ambient groundwater quality through the establishment of constituent standards for
groundwater pollutants. They define numerical criteria for limits on discharges to groundwater
and standards for groundwater cleanups.

2.2.3 LOCATION SPECIFIC ARARs AND TBCs

A listing of potential Federal and State location-specific ARARs and TBCs is presented in Table
2-2. A brief discussion of some of the location-specific ARARs and TBCs is presented below.

Executive Order 11990 (Wetlands Protection) requires Federal agencies to take action to minimize
the destruction, loss, or degradation of wetlands and to preserve and enhance the natural and
beneficial values of wetlands. The order emphasizes the importance of avoiding undertaking new
construction located in wetlands (unless there is no practical alternative to that construction),
minimizing the harm to wetlands, and providing early and adequate opportunities for public
review of plans involving new construction in wetlands.

The Wetlands Construction and Management Procedures (40 CFR 6r Appendix A) will need to
be considered if the wetlands at the site will be impacted by any of the remedial alternatives. It
is expected that some of the soil remediation and/or groundwater extraction and treatment
alternatives may affect the wetlands, (e.g. construction of the buried extraction system pipe
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network). It is difficult to predict the degree and extent of this potential impact at this stage of
the FS process, although some estimates will be provided in the following chapters of this FS.

In order to evaluate the requirements of the Endangered Species Actr the Fish and Wildlife
Improvement Act of 1978r the Fish and Wildlife Conservation Act of 198Qr and the Fish and
Wildlife Coordination Act, the National Heritage Database was consulted. The report that was
generated provides information on managed areas, rare plants and animals, and their status. This
information is summarized in Section 7.0 of the RI Report.

Executive Order 11988 (Floodplain Management^ requires Federal agencies to evaluate potential
effects of the planned actions in a floodplain environment to reduce the risk of flood losses and
to restore and preserve the natural and beneficial values of the floodplain. The Flood Disaster
Protection Act and the National Flood Insurance Act and their implementation regulations (24
CFR 1909) require the purchase of flood insurance before Federal funds are spent for projects in
a special flood hazard area in a community participating in the National Flood Insurance Program.
Coverage must continue throughout the useful life of the project. The drainage areas of the site
streams may be considered to be a flood hazard area.

Th& National Historic Preservation Act of 1966 requires Federal agencies to identify all affected
properties on or eligible for the National Register of Historic Places in the vicinity of the site
when considering remedial actions.

2.2.4 ACTION-SPECIFIC ARARs AND TBCs

A listing of potential Federal and State action-specific ARARs and TBCs is presented in Table
2-3. A brief discussion of some of the action-specific ARARs and TBCs is presented below.
These ARARs govern activities undertaken as part of site remediation.

The Resource Conservation and Recovery Act (RCRA)? as amended, governs the generation,
transportation, storage, and the disposal of hazardous wastes. RCRA (40 CFR 264) standards
apply to remedial actions that include on-site treatment and storage and off-site hauling and
disposal of hazardous wastes, which may be considered for this site.

OSHA requirements provide for the protection of the health and safety of workers engaged in on-
site remedial activities. Threshold Limit Values (TLVs) refer to airborne concentrations of
substances and represent conditions under which repeated exposures are not expected to result in
adverse effects. These ARARs are within the jurisdiction of the on-site health and safety officer.
Except for the No Action alternative, OSHA requirements apply to all other remedial alternatives.

DOT regulations govern the off-site transport of hazardous materials for disposal and/or treatment.
Waste handlers involved in site remediation activities must have all proper permits and
certifications. These regulations will be applicable to all remedial alternatives involving treatment
or disposal of contaminated media or residues at Chemsol.
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The Hayflrrini|,s and Solid Waste Amendments and the RCRA Land Disposal Restrictions regulate
land disposal of hazardous wastes. These must be considered when evaluating disposal options
for the Chemsol site.

40 CFR 264 and 265, Subparts Z, AA and BB address new regulations developed to provide
standards for controlling hazardous volatile organic compound emissions. These would be
considered during groundwater treatment.

40 CFR 264.95(3^ and 40 CFR 264.97fa>(3^ address regulations that define the point of
compliance of the groundwater protection standard and general groundwater monitoring
requirements. These would be considered to be relevant and appropriate for Chemsol groundwater
alternatives.

2.3 REMEDIAL ACTION OBJECTIVES

Remedial action objectives are established for the protection of human health and the environment.
These remedial action objectives are to:

• Restore the presently vacant and abandoned site to beneficial use based on its current
zoning as a residential property (except for portions of the site that are used for
groundwater extraction, treatment and discharge).

• Prevent/minimize offsite migration of groundwater contamination in the fractured bedrock
aquifer. Contain the contaminated groundwater (that which is above Federal and State
MCLs) from all depth zones and, as an element of this containment, reduce the mass of
contaminants to the maximum extent possible. Augment the existing interim remedy as
necessary, in order to achieve these goals. Aquifer restoration is highly unlikely in this
fractured bedrock.

• Flush (e.g. promote infiltration or pulsed pumping) contaminants present and trapped in
the dewatered portions of the fractured bedrock into the groundwater for subsequent
removal and treatment.

• Prevent human exposure to contaminated groundwater.

• Remediate/prevent human exposure to surface soils (zero to two feet below ground
surface) contaminated with PCBs > 1 mg/kg and Lead > 400 mg/kg. Additionally,
subsurface soils with PCB concentrations greater than 1 mg/kg will be similarly addressed,
in order to promote unrestricted use of the property with regard to the soils.

• Monitor the surface water, sediments and air while the remediation of other media such
as the surface soil is implemented. This is necessary because the surface waters from
Chemsol eventually discharge into water bodies that are used for drinking water purposes.
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The maximum concentrations for all the contaminants of concern and the Federal and State
cleanup standards for groundwater and soils were presented in Section 1.4.

2.4 AREA AND VOLUME ESTIMATES

2.4.1 GROUNDWATER

As stated in Section 1.7, this FS is based on the following assumptions concerning the volume of
the contaminated groundwater:

• The horizontal extent of the contaminated groundwater plumes (primarily VOCs
and semi-VOCs and metals like aluminum, iron and manganese) at Chemsol are
as shown on several figures in Appendix T of the RI report. Although in many
instances the secondary MCLs for aluminum, iron and manganese have been
exceeded, the contamination is primarily due to organics. For purposes of
calculation in this FS, the horizontal extent of contamination is assumed to extend
across all of the 40 acres of the site. It is recognized that offsite contamination
may extend beyond the site boundaries.

• The vertical extent of contamination in groundwater is conservatively assumed to
be to an average depth of 400 feet below ground surface which is 100 feet above
the depth of the bottom boundary used in CDM Federal's preliminary groundwater
model. (See Appendix A)

Based on these boundaries, the assumed contaminated groundwater plume for Chemsol has an
areal extent of 1,742,400 square feet. The saturated zone depth of the aquifer that corresponds to
the conservatively assumed depth of contamination is 375 feet. Using an effective porosity of one
percent, the corresponding estimated volume for Chemsol plume is 6.534 million cubic feet (48.88
million gallons).

This volume is representative of the amount of contaminated groundwater in the fractured bedrock
aquifer. Based on the soil (rock)/water distribution coefficients of organic compounds present in
the groundwater, and the high potential for the occurrence of DNAPLs, it is estimated that several
hundred such volumes (of groundwater in the fractured bedrock) will need to be treated before
cleanup goals (Federal and State MCLs or background levels, as appropriate) can ever be expected
to be achieved. Aquifer restoration is therefore highly unlikely in this fractured bedrock and is not
a goal for this FS.

The process flow diagram for the existing interim remedy groundwater treatment plant is shown
in Figure 2-1. At present, using an average extraction rate of 21 gpm pumped from well C-l, this
plant treats approximately 11 million gallons of contaminated groundwater per year.
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2.4.2 SOILS

As stated in Section 1.7, this FS is based on the following assumptions concerning the volume of
the contaminated soils:

• Soil removal/containment/treatment (source control) remedial alternatives will be
implemented before initiating groundwater remedial alternatives outlined in this
FS. Soil remedial alternatives are likely to be implemented in one construction
season and thus will be less disruptive of future land uses. This is also consistent
with the goal to restore the presently vacant and abandoned site to beneficial use
based on its current zoning as a residential property (except for portions of the site
that are used for groundwater extraction, treatment and discharge). It is recognized
that the interim groundwater remedy is already in operation since September 1994.

• The area of contamination of soils with PCBs > 1 mg/kg and Lead > 400 mg/kg
is as shown in Figure 2-2. This figure assumes that PCB contamination at
Chemsol is represented by concentrations determined during both the TCL/TAL
sampling as well as the PCB screening events. It also assumes that the contaminant
concentration at a sampling location is representative up to 50 percent of the
distance to the nearest neighboring sampling location in any direction.

• The depth of contamination is up to a depth of 2 feet below grade. It is recognized
that contamination above the clean-up goals may exist in isolated localized spots
deeper than 2 feet. The decision to include such locations as part of the remedial
action can be made during the remedial design stage.

Based on the above conditions, it can be seen that almost all of the contaminated soil lies within
Lot IB and that it can be grouped into three categories:

• Soil contaminated with PCBs only corresponds to a surface area of 208,000 square
feet and a volume of 15,407 cubic yards.

• Soil contaminated with lead only corresponds to a surface area of 16,000 square
feet and a volume of 1,185 cubic yards.

• Soil contaminated with both PCBs and lead corresponds to a surface area of 25,600
square feet and a volume of 1,896 cubic yards.

The calculated total area and volume of contaminated surface soil at Chemsol are 249,600 square
feet and 18,488 cubic yards respectively.
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2.5 GENERAL RESPONSE ACTIONS

General response actions are broad categories of remediation capable of addressing the
contamination problem at the site. Some response actions may be sufficiently broad to be able
to satisfy all the remedial action objectives and cleanup goals for the site by themselves. Other
response actions must be combined in order to achieve the site remedial goals and cleanup
objectives.

2.5.1 GROUNDWATER

Groundwater at the site is currently being addressed through implementation of an interim remedy
which extracts and treats groundwater to a depth of approximately 130 feet below ground surface.
Since a groundwater extraction and treatment facility is currently operating at the site, the focus
of the FS with respect to groundwater is to evaluate whether the current interim operating
conditions will be sufficient to address site-wide groundwater contamination. If the current
operating conditions are not sufficient to attain the goals which have been previously identified
for groundwater, then alternatives for enhancement of the existing system (through additional
groundwater extraction) will be evaluated. Therefore, general response actions for groundwater
are not described in this report.

2.5.2 SOILS

Based on the existing knowledge of the site, general response actions identified for soil
remediation for the source areas at the Chemsol site include: no action, limited action, removal
action, containment, on-site and off-site treatment, on-site and off-site disposal.

Remedial technologies and process options associated with each category of response action are
shown in Figure 2-3. A brief description of each response action is stated below:

No Action: The NCP and SARA require the evaluation of a No Action alternative as a basis for
comparison with other remedial alternatives. For the Chemsol site, a five year review would be
conducted to determine whether or not the contamination has spread beyond the presently defined
extent. If necessary, appropriate action would be considered at that time.

Limited Action: For this category of response action, no active remedial measures would be
conducted. Restriction of access to the contaminated soil areas and the imposition of institutional
controls on future land use would be considered to provide some protection to the public health
and the environment. Since contaminated materials would remain at the site indefinitely, existing
and new monitoring wells would be used to conduct a long-term groundwater monitoring program
for a thirty year period to track contaminant migration.

Removal Action: In this case, hazardous substances would be removed from the source areas.
Removal actions reduce the mobility of the contaminants through physical removal and by
isolating the contaminated media. However, by themselves, removal actions do not reduce the
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toxicity or volume of hazardous substances at the site. They are generally used in combination
with treatment and disposal technologies.

Containment: Containment actions include technologies that involve little or no treatment, but
provide protection of human health and the environment by reducing the mobility of contaminants
and risks of exposure. Containment actions consist of isolating contaminated soil through
technologies such as capping, horizontal and vertical barriers, and encapsulation. In addition,
surface controls may have to be implemented simultaneously in order to prevent erosion due to
surface runoff. As stated under groundwater response actions, the presence of large areas of
contamination at great depths within the fractured bedrock aquifer preclude the use of horizontal
or vertical barriers at the Chem sol site.

Treatment: This category of response action is preferred under SARA and can occur either on-site
or off-site. Treatment technologies include physical, chemical, and biological processes.
Biological processes were eliminated because they are not very effective for treatment of PCBs
to low clean-up levels in soils. Thermal processes are a special class of treatment technologies
that involve both physical and chemical phenomena. Treatment technologies are preferred because
they generally reduce the toxicity, mobility or volume of hazardous substances present at the site.
Treatment technologies generally afford a higher degree of protection to public health and the
environment.

Disposal: This category of response action can be implemented on-site or off-site. Disposal
actions such as removal actions reduce the mobility of the contaminants through physical isolation
and deposition and may be used separately or in conjunction with treatment technologies.
However, by themselves, disposal actions do not reduce the toxicity or the volume of hazardous
substances at the site. In the case of contaminated soil, disposal technologies typically include
on-site disposal to a permitted landfill and off-site disposal to a RCRA landfill or a treatment
storage and disposal facility (TSDF).

2.6 IDENTIFICATION AND INITIAL SCREENING OF TECHNOLOftTFS ANT)
PROCESS OPTIONS

2.6.1 GROUNDWATER

As explained in Section 2.5.1 above,the focus of the FS with respect to groundwater is to evaluate
whether the current interim operating conditions will be sufficient to address site-wide
groundwater contamination. If the current operating conditions are not sufficient to attain the
goals which have been previously identified for groundwater, then alternatives for enhancement
of the existing system (through groundwater extraction) will be evaluated. Therefore, the
activities of identifying and initially screening technologies and process options for groundwater
have not been included in this report.
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2.6.2 SOILS

The remedial technologies associated with each of the general response actions typically
considered for the cleanup of contaminated soil were developed from: the Interim Final Guidance
for Conducting Remedial Investigations and Feasibility Studies under CERCLA (October 1988);
the Technology Screening Guide for Treatment of CERCLA Soils and Sludges (September 1988);
the Handbook on In Situ Treatment of Hazardous Waste-Contaminated Soils (January 1990); the
revised Handbook of Remedial Action at Waste Disposal Sites (June 1985); the Summary of
Treatment Technology Effectiveness for Contaminated Soil (June 1990); experience on other
hazardous waste projects; knowledge of new technologies; and the best professional judgment of
engineers and scientists performing feasibility studies.

A summary of the initial screening performed on potentially applicable soil remediation
technologies and process options for the source areas of the Chemsol site is presented in Figure
2-4. The three main column headings presented in Figure 2-4 are General Response Actions,
Technologies, and Process Options. General Response Actions are discussed in Section 2.5.2.
The Technology category refers to a general group of technologies which can be used to address
a required remedial response action. The Process Option category contains specific processes
which are examples of a technology group. The two remaining columns in Figure 2-4 are
Description and Screening Comments. The description column briefly describes the individual
process options. The screening comments indicate if a particular process option is removed from
further consideration or retained for further evaluation during the FS. Process options are only
removed at this time if they are technically infeasible or they cannot be effectively implemented.

The initial screening process was used to eliminate technologies that are not appropriate for
implementation at the Chemsol site. The screening process considered specific conditions for
individual source areas, contaminant types and concentrations, and the areas and volumes to be
remedied. For example, two containment technologies that were eliminated are vertical and
horizontal barriers.

Vertical barriers refer to a variety of methods whereby low permeability cut-off walls are installed
below ground to contain, capture, or redirect groundwater flow in the vicinity of the source areas.
They are generally keyed in to an aquitard such as a clay layer. They separate the contaminated
zone from the clean zone in order to isolate the waste and to prevent contaminant migration. At
source areas where the depth of contamination is below the water table, vertical barriers reduce
the groundwater flow toward the source area and redirect the contaminated groundwater away
from the source areas. Materials used for barriers generally have very low permeability. Slurry
walls and sheet piling are two process options generally considered for implementation as vertical
barriers. The purpose of this technology screening is mainly focused on the contaminated surface
soil in the vadose zone. Therefore, the use of vertical barriers is not appropriate.

Liners and Grout Injection are examples of horizontal barriers. Placement of liners below source
areas requires excavation and the creation of landfills. The Grout Injection process option is
mainly used to inject grout materials in order to form an impermeable or low permeability layer.
It will not reduce the toxicity or volume of waste but it can prevent vadose zone contaminants
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from migrating into groundwater. It is not implementable at the Chemsol site because the
groundwater within the fractured bedrock is already contaminated. Also, the primary contaminants
in soil are PCBs which tend to bind tightly (partition) to the soils and are not likely to leach to
groundwater. Hence, horizontal barriers were eliminated from further consideration.

2.7 EVALUATION AND SELECTION OF REPRESENTATIVE TECHNOLOGY
TYPES AND PROCESS OPTIONS

In this section, technologies considered implementable after the initial screening are described and
evaluated. The evaluation process utilizes three criteria: effectiveness, implementability, and
relative cost. The guidance recommends that this evaluation focus on the effectiveness criterion,
with less emphasis directed at the implementability and relative cost criteria. Process options that
are reliable, but only partially treat the contaminants present in the groundwater and soils will be
retained for further consideration if they can be effectively combined with other reliable process
options to fully remediate the site.

Brief definitions of effectiveness, implementability, and relative cost, as they apply to the
screening process are as follows:

Effectiveness - This evaluation focuses on the potential effectiveness of process options in
handling the estimated volume of media and meeting the remediation goals; the potential impacts
to human health and the environment during construction and implementation; and how proven
and reliable the process is with respect to the contaminants and conditions at the site.

Implementability - This evaluation encompasses both the technical and administrative feasibility
of the technology or process option. It includes an evaluation of pretreatment requirements,
residuals management, the relative ease or difficulty in obtaining the required permits, the
availability of equipment and materials, and operating and maintenance requirements. Process
options that are clearly ineffective or unworkable at the site are eliminated.

Relative Cost - Cost plays a limited role in the screening process. Both capital as well as
operating and maintenance costs are considered. The cost analysis is based on engineering
judgement, and each process is evaluated as to whether costs are high, low or moderate relative
to the other options within the same technology type.

At least one representative process option is selected, if possible, for each technology type to
simplify the subsequent development and evaluation of remedial alternatives without limiting
flexibility during remedial design.

2.7.1 GROUNDWATER

Since the focus of the FS with respect to groundwater is to evaluate whether the current interim
operating conditions will be sufficient to address site-wide groundwater contamination, the
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evaluation and selection of representative technology types and process options has not been
included in this report. If the current operating conditions are not sufficient to attain the goals
which have been previously identified for groundwater, then alternatives for enhancement of the
existing system (through groundwater extraction) will be evaluated.

2.7.2 SOILS

2.7.2.1 No Action

Description: The No Action alternative is developed and evaluated to establish a baseline for
comparison with other remedial alternatives. For the Chemsol site, a five-year review would be
conducted to determine whether or not the contamination has spread beyond the currently defined
extent. If necessary, appropriate action would be considered at that time.

Effectiveness: The contaminants present in the vadose zone soils will continue to volatilize into
the air and to migrate towards groundwater and the adjacent soil and surface water. No Further
Action is ineffective in meeting any of the remediation objectives.

Implementability: No Further Action is readily implemented. A five-year review is the only
activity that must be conducted.

Cost: The relative cost of this response action will be the least of all considered remedial
measures.

Conclusion: No Further Action does not reduce the toxicity, mobility, or volume of the
contamination. The dominant risk posed to potential future residents is by ingestion of and dermal
contact with the contaminated soils. No Further Action will be retained for further consideration,
as required by SARA, to serve as a basis for comparison with other remedial alternatives.

2.7.2.2 Limited Action

Description: For the Chemsol site, Limited Action means that no active remedial measures would
be conducted. Restriction of access to the contaminated source areas and the imposition of
institutional controls on future land use would be considered to provide some protection to the
public health and the environment. Restriction of access includes the maintenance of the existing
fence to physically prevent contact with the contaminated soil. Institutional controls could include
both zoning and deed restrictions of selected areas of the Chemsol property, so that future land
use is restricted. However, as stated in the assumptions and objectives, the site is zoned for
residential use and restoration of the property to beneficial use is a stated objective. Hence, deed
restrictions are not desirable or practical except as they pertain to the use of groundwater. In
addition, existing and new monitoring wells would be used to conduct a long-term groundwater
monitoring program for a thirty year period.
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Effectiveness: As in the case of No Action, Limited Action does not reduce the mobility,
toxicity, and volume of the hazardous substances. The contaminants in the vadose zone soils will
continue to volatilize into the air, and migrate towards groundwater and the adjacent soil ans
surface water. However, it would be somewhat effective in protecting public health by restricting
direct access and reducing the risk of exposure to the contaminated soil.

Implementability: This category of response action may or may not be easily implemented.
While access restrictions such as the installation of a fence, and monitoring of groundwater can
be readily implemented, the same is not true for institutional controls. Decisions affecting future
land use tend to affect property values for the property in question as well as those of adjacent
properties. Legislation or the passing of ordinances by local government bodies may be required
in order to implement institutional controls. Zoning is consistent with the stated goals because the
property is already zoned for residential use.

Cost: The capital costs for this category of response actions are very low compared to most of the
remedial actions. However, the O&M costs of long-term groundwater monitoring program and
fence maintenance may be significant. Therefore, the total costs will be relatively low to
moderate.

Conclusion: Limited Action as described above would provide only minimally more protection
than No Action. Except for deed restrictions which may be difficult to implement, the remaining
process options under this category of response action including fencing, monitoring and zoning,
will be retained for further consideration in alternative development to preserve a range of
response actions.

2.7.2.3 Removal Technologies

Removal technologies involve the active manipulation and management of soil and hazardous
substances prior to subsequent treatment and/or disposal. Removal Actions are utilized to remove
hazardous substances from the source areas and to physically prevent migration of contaminants.
At the Chemsol site, soil excavation and removal of any tanks or pipes (that may be encountered
during remediation) are the two technologies that may be applicable.

2.7.2.3.1 Soil Excavation

Description: Soil excavation can be carried out either manually or by mechanical means. In
general, heavy machinery can be utilized for removal of large quantities of soil. A variety of
equipment like backhoes and front-end loaders can be used to perform the excavation. Manual
excavation is only useful for removal of small amounts of soil or when heavy machinery cannot
be used in certain hard to access areas.

Effectiveness: Soil excavation will not reduce the toxicity, contaminant concentrations, or the
volume of contaminated soil or hazardous substances. However, it will reduce or limit the
mobility of contaminants through physical removal from the source areas.
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Implementability: Soil excavation at the Chemsol site is relatively easy for most of the Lot IB
source areas described in Section 2.4.2 above. Problems (of the equipment getting stuck) may
arise in some instances, when working in areas near Stream IB due to wet conditions. The
relatively shallow depth from which the soil needs to be excavated makes the job very easy.
Areas that may need special attention, include special preventive measures near some of the source
areas, such as the presence of buried utilities or the proximity to building foundations.

Cost: The capital costs of soil excavation are expected to be relatively low to moderate at most
of the source areas, as long as the depths of excavation do not exceed 10 feet. Deeper excavation
could prove to be more expensive and difficult. The costs will depend on the volume and toxicity
of the material to be excavated and the health and safety procedures needed in a particular
situation.

Conclusion: Soil Excavation will permanently remove the contaminated soil from the source
areas. It is also a necessary step prior to performing any further on-site or off-site treatment or
disposal at the Chemsol site. It will therefore be retained for further consideration in alternatives
development for soil remediation.

2.7.2.3.2 Tank/Pipe Removal

Description: At the Chemsol site, buried tanks and pipes are not expected to be present in the area
requiring remediation. However, it is theoretically possible that there may be remnants of
previous operations that have not yet been identified. All the buried pipes associated with the
former fuel oil UST (near well C-2) have been removed at the time of construction of the
building foundation for the interim groundwater treatment plant. The equipment used to remove
buried tanks and pipes is the same as that used for soil excavation and is readily available. Some
additional tools, devices, or fittings may be necessary to help grip the tanks and pipes.

Effectiveness: Tank/pipe removal by itself will not reduce the toxicity, concentrations of
contaminants, or the volume of the hazardous substances. However, it can prevent or limit the
hazardous substances within the tank/pipe from leaching or migrating into its surrounding
environment through physical separation. It is also a necessary step to treat any waste that may
exist inside the tank/pipes.

Implementability: The technologies and equipment required for buried tank/pipe removal are
readily available. Variations in the procedures are dependant on the site-specific situations that
may be encountered, such as the presence of ignitable wastes. The most important issue when
removing the tanks/pipes is the health and safety of the workers performing the activity and that
of other persons in the immediate vicinity of the excavation.

Cost: The capital costs of tank/pipe removal will typically be much higher than those for soil
excavation because of required compliance with additional local government regulations associated
with such activities. No O&M costs are anticipated with this process option, although further
treatment and disposal will be required.
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Conclusion: Although tank/pipe removal (if necessary) involves special health and safety issues,
and can potentially spill the contents into adjacent soils during the removal process, it is still one
of the primary methods to prevent hazardous substances from continuously leaching into the
surrounding environment. It is also a necessary component of any on-site and off-site treatment
and disposal alternatives. Tank/pipe removal will be retained for further consideration.

2.7.2.4 Containment

The purpose of containment is to minimize direct contact with contaminated soil and to control
volatilization into air and to reduce infiltration of leachate into groundwater. As discussed in
Section 2.6.2, horizontal and vertical barriers were eliminated from further consideration. At this
site, capping is a containment technology that may potentially be applicable.

2.7.2.4.1 Capping

Description: Capping is a process used to isolate contaminated soil from contact with surface
runoff and infiltration of precipitation through low permeability cover materials placed on the top
of source areas. There are two basic designs of caps: multi-layered and single-layered. Of these,
the multi-layered caps are the most common and are required by the RCRA land disposal
regulations of 40 CFR, Subparts K through N. However, a single-layered cap may be acceptable
when a site is being temporarily covered; in an area where evapotranspiration far exceeds the
rainfall and there is little or no groundwater; or, when there is absolute assurance that the integrity
of such a cap will be continually maintained. It should be noted that a vapor/gas collection system
should always be included in the design of a cover when there is any indication that the underlying
contaminated material may generate gases or vapors. The designs of modern caps usually
conform to the performance standards in 40 CFR 264.310, which addresses RCRA landfill closure
requirements. These standards include minimum liquid migration through the buried contaminated
material, low cover maintenance requirements, efficient site drainage, high resistance to damage
by settling or subsidence, and a permeability lower than or equal to the underlying liner system
or natural soils. These performance standards may not always be appropriate, particularly in
instances where the cap is intended to be temporary, where there is very low precipitation, and
when the capped material is not leached by infiltrating rainwater.

There are a variety of cap designs and capping materials available including asphalt, concrete,
clay, and synthetic membranes. Most cap designs are multi-layered to conform with the above
referenced design standards. However, single-layered designs are also used for special purposes.
The selection of capping materials and a given cap design are influenced by specific factors such
as the local availability and costs of cover materials, desired functions of cover materials, the
nature of the wastes being covered, local climate and hydrogeology, and projected future use of
the site in question.

Effectiveness: Capping can prevent direct contact with contaminants in vadose zone soils and
isolate them from surface runoff and infiltration of precipitation. However, it will not reduce the
toxicity, contaminant concentrations, or the volume of hazardous substances. It has limited ability
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to provide control of volatiles at a source area. Capping is a proven technology that has been used
at many Superfund sites. It is ineffective in areas where the contaminants are present below the
water table.

Implementability: The site is relatively flat at most of the source areas. The materials and
equipment and materials required for capping are readily available. Capping may be implemented
without difficulty in areas that are relatively small and open. However, long-term maintenance
is required. Installation of a cap is virtually impossible in areas that are wooded without having
to resort to clearing of all trees and shrubs.

Cost: The cost of capping will involve the initial construction, periodic maintenance and repair,
and long term monitoring. The costs of caps can be considered low to moderate depending on the
materials used.

Conclusion: Capping can prevent direct contact with contaminated soils and could be utilized in
the development of alternatives for some of the source areas at the Chemsol site. It will therefore
be retained for further consideration.

2.7.2.5 Treatment

Treatment technologies can be located on-site using mobile units or more permanent treatment
facilities contained within buildings, or located at an off-site treatment facility. Although the same
remedial technologies may be applicable for on-site or off-site treatment of contaminated soils,
on-site treatment should be considered first to minimize transportation and handling costs. The
applicability of complete or partial on-site treatment depends primarily upon the availability of
land for the treatment facilities. Availability of land at the Chemsol site does not appear to be a
problem. Except for soil contaminated with lead only, the volumes of PCB contaminated soil for
most source areas at the Chemsol site are relatively large. Therefore, off-site treatment, in
general, would not be technically practical and cost-effective. The available technologies for
treating contaminated soil include biological, physical and chemical processes.

2.7.2.5.1 Bioremediation

Bioremediation is a destruction process that uses soil microorganisms to chemically degrade
organic contaminants. These microorganisms include bacteria, fungi, and yeast. Biodegradation
of hazardous wastes can occur as both an intracellular and an extracellular activity. When
intracellular, the hazardous organic compound is used as an energy source by the cell. When
extracellular, the organic compound is broken down as a result of exposure to enzymes that are
produced by the cell in the process of metabolizing other substances such as glucose or cellulose.
In the latter case, the enzymes are secreted outside the cell membrane, where they come into
contact with the hazardous waste material and trigger the breakdown reaction. Both intracellular
and extracellular biodegradation can occur in the presence (aerobic) or in the absence (anaerobic)
of oxygen.
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In the presence of oxygen, bacteria, fungi, and yeasts biodegrade organic compounds to form
carbon dioxide, water and cell protein. Addition of nutrients in the form of nitrogen and
phosphorus are also needed. Nitrogen and phosphorus are generally added at a carbon to nitrogen
to phosphorus ratio of 20 to 2 to 1 in order to optimize biodegradation. The organisms degrade
the organic material and obtain energy for cell metabolism and cell growth. A fraction of the
organic material is also oxidized to form by-products such as nitrates, sulfates, water and carbon
dioxide. A biomass of organisms consisting mainly of cell protein, entrained constituents of the
waste, partially degraded constituents, and intermediate biodegradation products is formed during
the treatment process. This treatment residue may require further treatment or disposal.

Landfarming, composting and slurry reactors are types of bioremediation which have been used
to treat sludges and soils. For the successful application of bioremediation, the soil or sludge must
be compatible with the physical-chemical and nutritional needs of the microorganisms. The
parameters that affect bioremediation systems include pH, temperature, oxygen supply, presence
of nutrients and contact time.

In the absence of oxygen, bacteria, fungi, and yeasts biodegrade organic compounds to form
methane, carbon dioxide and cell protein. Anaerobic biological processes have been shown to be
effective in treating complex organic materials that cannot be treated aerobically such as
organochlorine pesticides. However, most of the data on anaerobic processes is based on sludge
digestion and very limited data is available on applications for soils treatment.

Effectiveness: Bioremediation is more effective at treating non-halogenated compounds rather than
halogenated compounds. Bioremediation has been shown to effectively treat halogenated aliphatic
compounds and the polar non-halogenated organic compounds with removal efficiencies in excess
of 99%. Successful biological treatment of nitrated compounds and polynuclear aromatic
compounds has been achieved, with average removal efficiencies of 82% and 87% respectively.
Bioremediation has achieved average removal efficiencies of 99% when used to treat
non-halogenated aromatics and heterocyclics. The more complex halogenated compounds exhibit
much lower removal efficiencies (53% to 74%). The ability of biological processes to treat metals
has not been determined. Bioremediation is not suitable for the treatment of soil with high levels
of metals. Metals such as arsenic, mercury, and cadmium can be toxic to the microorganisms.
The time required to achieve high levels of destruction of hazardous substances is relatively
uncertain. The use of bioremediation to treat soils containing PCBs to a clean-up level of Img/kg
is not likely to be successful.

Implementability: Although bioremediation is a technically and administratively feasible
technology, its full-scale application for the treatment of hazardous wastes containing PCBs is not
widespread. The necessary equipment and materials are available. Operation and maintenance
requirements are extensive because of the effects of pH, temperature, soil moisture, nutrient
concentration, aeration/oxygen supply, and microorganism characteristics on the system
performance.
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Cost: The relative capital costs for biological treatment are relatively low compared to other
technologies. O&M costs are likely to range from low to moderate because the process is slow
and a long time may be necessary to achieve target cleanup levels (if at all possible for Chemsol
requirements).

Conclusion: Bioremediation will not be retained for further consideration in alternatives
development for the Chemsol site. Most of the areas of contaminated soil contain PCBs which
have not been successfully treated in this manner.

2.7.2.5.2 Immobilization

Description: Immobilization refers to a broad class of treatment processes that physically or
chemically reduce the mobility of hazardous constituents in a waste. Other terms that are often
used synonymously with immobilization are stabilization, solidification and encapsulation.
Stabilization is a process by which a waste is converted to a more chemically stable form. The
term entails the use of a chemical reaction to transform the toxic component to a new non-toxic
compound or substance. Solidification is a process in which materials are added to a liquid or
semi-liquid waste to produce a solid. It may or may not involve bonding between the contaminant
and the additive. Encapsulation is a process involving complete coating or enclosure of a toxic
particle with an additive or binder.

An immobilization system typically consists of a materials feed system, a reaction vessel equipped
with mixing equipment, and an area for curing. The effectiveness of immobilization is evaluated
by a leaching test or extraction procedure on the treated residue and not by a total constituent
analysis of the waste. The type and amount of binder (additives) used will determine the
effectiveness of the technology. The greater the amount of binder used, the greater the cost of
treating the waste. The primary design and operating parameters impacting the performance of
the immobilization system are selection of immobilizing agents and other additives, ratio of
immobilizing agents and other additives, mixing and curing conditions, pH control, ion exchange
potential, and oil content of the waste.

The first of four general types of immobilization technologies is cement-based
stabilization/solidification. This inorganic stabilization/solidification process mixes waste
materials with portland cement, effectively incorporating the waste into the cement matrix.
Physical-chemical changes may occur, further reducing waste mobility in the cement matrix. A
second, similar type of immobilization process is pozzolanic stabilization/solidification. This
process involves siliceous and aluminosilicate materials, which do not display cementing action
alone, but form cementitious substances when combined with lime, cement, or gypsum, and water
at ambient temperatures. Pozzolanic reactions are generally much slower than cement-based
processes. Contaminants are physically entrapped in the pozzolan matrix which may contain
significant amounts of fly ash, pumice, lime-kiln dusts and blast furnace slag. Less successful in
the treatment of hazardous wastes are the organic stabilization/solidification techniques which
include asphalt-based (thermoplastic) microencapsulation, macroencapsulation, and organic
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polymerization. Thermoplastic solidification involves sealing wastes in a matrix such as asphalt
bitumen, parrafin,<or polyethylene. Organophilic clay-based stabilization/ solidification also uses
cementitious materials and appears to be very promising in terms of binding both inorganic and
organic wastes.

Effectiveness: The effectiveness of stabilization/solidification technologies is variable depending
on the characteristics of the contaminated soil and the particular additives used. In general
however, this technique appears to be more effective for inorganic constituents (lead) than for
organic constituents (PCBs). This process generally results in reducing the toxicity and mobility
of contaminants. However, the volume of the contaminated soil increases considerably due to the
addition of binders. The presence of large proportions of silt and clay in most of the source areas
is not likely to result in ideal mixing of the binder with the soil.

Implementability: Stabilization/solidification is both technically and administratively feasible for
the Chemsol source area soils containing lead. The materials and equipment required are readily
available. Ttreatability studies may be required to determine the soil to additive ratio and mixing
and curing conditions for the particular source areas.

Cost: Cement-based stabilization/solidification uses readily available mixing equipment and
materials and is low in cost. Thermoplastic solidification, on the other hand, has high energy and
equipment costs associated with it. Costs for solidification/stabilization processes are generally
low to medium in comparison with other technologies.

Conclusion: Immobilization will be retained for further consideration because of its widespread
applicability to inorganic contaminants like lead. Stabilization/ solidification could be applied as
a primary treatment of the contaminated soils or as a secondary treatment for other process
residuals.

2.7.2.5.3 Thermal Destruction

Description: Thermal destruction is a controlled destruction process that uses high temperatures
to destroy hazardous wastes usually through conversion to carbon dioxide, water, and other
combustion products in the presence of oxygen. The specific products of thermal destruction
(combustion) vary depending on the types of wastes that are burned (and destruction operating
parameters). Most thermal destruction units consist of a waste feed system, an air or oxygen-fed
burner system, a combustion chamber, a combustion monitoring system, and equipment for air
pollution treatment and control, and ash removal.

A thermal destruction system usually operates in two steps or chambers. The organic
contaminants are first desorbed from the soil and combustion is partially initiated in the primary
combustion chamber. Complete destruction of the organic contaminants then occurs in the
secondary combustion chamber. Proper operation is particularly essential when incinerating
halogenated compounds and PCBs, to avoid forming products of incomplete combustion.
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Thermal destruction does not destroy volatile metals such as lead and mercury or non-volatile
metals such as iron and chromium. Incinerating wastes with high concentrations of volatile metals
has the potential to adversely affect human health and the environment. In the high temperature
environment of hazardous waste incinerators, in the presence of oxygen, practically all metals
form metal oxides which enter the gas stream. Some of these metal oxide particulates are too
small to be completely removed by conventional air pollution technology, such as scrubbers or
electrostatic precipitators.

Metals which do not form particulates will be concentrated in the treated soil. Metals may also
produce a slag which coats equipment and hampers effective operation. Some thermal destruction
technologies, such as infared incineration and pyrolysis, may fuse the metals into the ash residue,
reducing the ability of the metals to leach out of the residue.

Fluidized bed incineration, rotary kiln incineration and pyrolysis are three commonly used process
options.

A fluidized bed (combustion unit) consists of a column containing inert particles, such as sand,
which is referred to as a bed. Air driven by a blower enters the bottom to fluidize the bed. Air
passage through the bed promotes rapid and uniform mixing of the injected waste material within
the fluidized bed. The bed has an extremely high heat capacity (approximately three times that
of the flue gas at the same temperature), thereby providing a large heat reservoir. The injected
waste reaches ignition temperature quickly and transfers the heat of combustion back to the bed.

A rotary kiln is a slowly rotating, refractory-lined cylinder that is mounted at a slight incline from
the horizontal. Solid wastes enter at the high end of the kiln. Rotation of the kiln exposes the
solids to the heat, vaporizes the contaminants, and allows them to combust by mixing with air at
high temperatures. The rotation then causes the ash to move to the lower end of the kiln where
it can be removed.

Pyrolysis units, also called controlled air or starved air incinerators, are another major type of
thermal destruction equipment used for hazardous waste incineration. These are batch treatment
systems that slowly volatilize or distill off the organics at relatively lower temperatures. This
starved air condition is created by a low air flow rate. This causes most of the volatile fraction
to be destroyed pyrolytically, with the required heat provided by the oxidation of the carbonaceous
fraction in the waste.

Effectiveness: Thermal destruction is generally very effective in destroying organic contaminants.
However, the presence of highly toxic volatile metals like arsenic and cadmium may result in
potentially adverse impacts on the public health and the environment. The toxicity, mobility, and
volume of organic contaminants is very effectively reduced since they are permanently eliminated.
At the Chemsol site, the levels of organic contamination are relatively low and thermal destruction
would require supplementary fuel and not be cost-effective.
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Implementability: Thermal destruction is both administratively and technically not feasible for
the Chemsol site.- The relatively low levels of organic contaminants that are present in the soil
would unnecessarily involve heating the huge mass of soil to high temperatures using
supplementary fuels. Also, in general, incinerators are difficult to permit because of public
perceptions.

Cost: The costs associated with thermal destruction processes are generally very high. The high
energy requirements and necessary emission controls inherent to thermal destruction processes,
particularly incineration, are the primary contributors to the elevated costs.

Conclusion: On-site thermal destruction processes will be eliminated from further consideration
because of the high costs and the constraints on their implementation presented by the primary
contaminants of concern. The mostly residential area surrounding the Chemsol property is also
less than ideally suited for incinerator operations and potential emissions.

2.7.2.5.4 Chemical Extraction and Soil Washing

Description: Chemical extraction and soil washing are physical transfer processes in which
contaminants are washed from the soil and become dissolved or suspended in a liquid. The liquid
waste stream is then treated to remove the contaminants and the solvent is recycled, if possible.
Soil washing processes generally use water as the solvent to separate the clay particles, which
contain the majority of the contaminants, from the coarser soil fractions. Chemical extraction
processes generally use a solvent that separates the contaminants from the soil particles and
dissolves the contaminant in the solvent. If the selection of the solvent is optimized with the
addition of surfactants or chelating agents, chemical extraction and soil washing can successfully
treat many organic and inorganic contaminants, particularly those that are more soluble in the
solvent of choice.

The difference between the treatability of sand and clay is best explained by the location of the
contaminant-soil bond and the different surface to volume ratios. Clays are much smaller than
sand particles and have a plate-like rather than a massive structure. In clays, the bonding takes
place between the layers of the clay mineral, and the contaminants are therefore less accessible
to the solvent. For sands, the bonding takes place on the outside of the mineral; therefore the
contaminants are readily available for removal by the solvent. The small plate-like structure of
clays also provides clays with a much higher surface to volume ratio than sands. Thus, clays have
much more surface area that can adsorb contaminants.

Chemical extraction and soil washing are therefore best suited for sandy and sandy loam soils that
are low in humus and clay content. The basic mechanism at work in the chemical extraction
process includes breaking the bond between the contaminant and the soil particle to establish a
bond between the contaminant and the solvent. For the same contaminants, chemical extraction
exhibits a distinctly improved effectiveness on larger sand particles than on smaller clay particles.
Soil washing is best suited for sites where nearly all the contaminants are adsorbed on the clay
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particles. Soil washing then physically separates the contaminated clay from the relatively clean
sand fractions. This reduces the volume of the waste requiring further treatment.

Effectiveness: Chemical extraction and soil washing have been demonstrated to be effective on
a wide variety of organic and inorganic contaminants. The toxicity, mobility and volume of
contaminants will be reduced. When both organics and inorganics are present, a two stage process
will probably be necessary - one stage for the removal of organics and another stage for removal
of inorganics. For the Chemsol site, it appears that chemical extraction processes could be
utilized for removal of PCBs. However, soil washing is not likely to be effective because PCBs
tend to bind stongly (partition) to soil particles when mixed in an aqueous environment.

Implementability: While chemical extraction is both technically and administratively feasible, soil
washing is not for the conditions at Chemsol. The necessary equipment and materials are readily
available. However, treatability tests will have to be conducted in order to select the chemical
agents to be used and to determine the operating conditions. It should be noted that the liquid
waste stream will require further treatment to separate the contaminants. Other chemical and
physical separation processes may become necessary. The treated soil may also require further
processing before it can be placed back at the site.

Cost: The relative costs of this technology are highly variable and they depend on the materials
used as extracting or washing agents and the separation processes used to recover them. In
general, the costs range from moderate to high compared to other technologies. The cost of
chemical (solvent) extraction as a remedial treatment alternative at the Chemsol site would be
medium to high. Much of this cost is due to solvent recovery and treatment of the residual liquid
waste stream.

Conclusion: Chemical (solvent) extraction has been retained for further consideration in
alternatives development for the Chemsol site.

2.7.2.5.5 Low Temperature Thermal Desorption

Description: Low temperature thermal desorption is a physical transfer process that uses air, heat
and/or mechanical agitation to volatilize contaminants into a gas stream, where the contaminants
are then subjected to further treatment. Like other physical transfer processes, low temperature
thermal desorption moves the contaminants into a medium which is easier to treat than soil. This
is a relatively new technology, based upon a simple mass transfer concept, and many applications
are under development. This technology is most effective on the more volatile organic
compounds, and it is limited in its ability to volatilize metals (with the exception of mercury) and
semi-volatile compounds.

A low temperature thermal desorption unit operates more effectively at higher temperatures and
increased residence times. For highly contaminated soils, a large volume of air flowing through
the unit also enhances treatment performance. The degree of volatility of the compound rather
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than the type of substituted group is the limiting factor. Removal efficiencies, ranging from 65 %
for polynuclear aromatics to 99 % for non-polar halogenated aromatics, have been demonstrated
by these units at bench, pilot, and full scales.

The data base indicates that metals are not effectively removed by low temperature desorption,
because of the low vapor pressures of most metals at the normal operating temperatures of
desorption units. Mercury is the exception to this generalization. Because of its relatively high
vapor pressure, mercury can be expected to be volatile under the operating conditions of some low
temperature thermal desorption units. Unfortunately, mercury is not readily removed from gas
streams by conventional post-treatment systems. Therefore, waste mixtures that contain metallic
and/or organic forms of mercury should not be treated by this technology, unless mercury
emissions can be controlled.

Due to its effectiveness in treating volatile organics, low temperature thermal desorption could be
used in combination with one or more other technologies (in a treatment train) to treat soils
containing mixtures of organic and inorganic compounds.

Effectiveness: The low temperature thermal desorption is a separation process that by itself does
not reduce the toxicity, mobility or volume of contaminants. Volatile and semi-volatile organics
once separated from the contaminated soil would have to be removed from the air stream using
another technology like incineration or vapor phase carbon adsorption. At the Chemsol site, this
technology could be effective for most of the source areas containing PCBs but would require
relatively higher temperatures and residence times as compared operations involving VOC
removal.

Implementability: Low temperature thermal desorption is both administratively and technically
feasible. It has been employed to treat hazardous wastes on a full-scale, and the associated
materials and equipment are readily available. Operation and maintenance requirements are merely
those usually associated with the operation of a thermal or chemical process. No long-term
management will be necessary.

Cost: The relative costs of low temperature thermal desorption are relatively low. Low
temperature thermal desorption is less expensive than thermal destruction because of the lower
operating temperatures and gas flow rates. Much of the cost is associated with management of
the process residuals.

Conclusion: Low temperature thermal desorption has been retained for further consideration
because of the relative abundance of low levels of PCBs in the source areas being considered for
remediation at Chemsol.
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2.7.2.5.6 Dechlorination

Dechlorination is a type of chemical treatment that is part of a larger class of technologies known
as chemical dehalogenation. These technologies all employ chemical reactions to remove halogen
atoms (chlorine atoms for PCBs) from organic molecules. Alkaline Metal
Hydroxide/Polyethylene Glycol Treatment (APEG) and Base Catalyzed Decomposition Treatment
(BCD) are two such technologies that may be applicable to the Chemsol site.

2.7.2.5.6.1 Alkaline Metal Hydroxide/Polyethylene Glycol Treatment (APEG^

Description: The APEG chemical dehalogenation system is applicable to aromatic halogenated
compounds including PCBs. APEG partially dehalogenates the pollutant to form a glycol ether
or a hydroxylated compound and an alkali metal salt, which are water-soluble by-products. The
disadvantages of the APEG process are that it often takes numerous cycles of the process to
achieve the desired results, the process only affects partial dehalogenation, and the formation of
dioxins and furans often occurs when the process is implemented. The performance of the process
is primarily measured by comparing the PCB concentration in soil or sediment before and after
treatment. The presence of metals in the PCB contaminated soil affects performance by
scavenging the hydrogen ions, requiring increased amounts of the hydrogen donating reagent.

Effectiveness: Due to the performance concerns discussed above, APEG chemical dehalogenation
is not used very often and very little research is perfomed anymore. This process is advantageous
because it destroys PCBs. It does produce residuals which may require further treatment and/or
disposal. The process is sensitive to particle size, clay content, and pH and is adversely affected
by higher moisture content. Offgases are produced which must be treated before release.

Implementability: Although dechlorination using APEG is technically feasible, it may not be
administratively feasible because of the potential formation of dioxins and furans. The necessary
equipment and materials are readily available. Operation and maintenance requirements are likely
to be extensive because of the corrosive nature of the reagents involved and need for further
treatment of residuals and off gases.

Cost: The relative capital and O & M costs for the APEG dechlorination process tend to be in the
moderate to high range.

Conclusion: APEG dechlorination will not be retained for further consideration in the
development of alternatives for the Chemsol site because of the potential adverse effects discussed
above.

2.7.2.5.6.2 Base Catalyzed Decomposition Treatment (BCD)

Description:The BCD process was developed by EPA's Risk Reduction Engineering Laboratory
(RREL) in Cincinnati, Ohio. This process which does not use polyethylene glycol (PEG) as a
primary reagent has been used to remediate soils and sediment contaminated with chlorinated
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organic compounds. BCD is an efficient, relatively inexpensive treatment process for PCBs. The
process can be employed using either sodium hydroxide, sodium bicarbonate, or aliphatic
hydrocarbons as hydrogen donors. The U.S. Navy and EPA have jointly developed a BCD unit
typifying the process. The contaminated soil is first screened, processed with a crusher and pug
mill and stockpiled. The stockpiled soil is then mixed with sodium bicarbonate using a 10:1
weight ratio (ten parts soil) and is heated for approximately one hour at about 630°F in a rotary
reactor with a carbon trap. The PCBs are completely dechlorinated and partially volatilized at this
stage. The PCBs in the vapor condensate, residual dust, spent carbon, and filter-cake are
dechlorinated for about two hours at 662°F in a stirred tank slurry reactor utilizing a high boiling
point hydrocarbon oil, catalyst, and sodium hydroxide. Depending on the process used, BCD is
capable of treating PCBs at virtually any concentration. Destruction efficiencies as high as 99.999
percent have been achieved at a Superfund site using BCD technology. The BCD process
produces biphenyl, low-boiling olefinics (which are not water soluble and less toxic), and sodium
chloride as process residuals. The treated water and condensate from the treated process can
generally be discharged to a POTW after being pumped through activated carbon. The
decontaminated sludge from the slurry reactor can generally be disposed of in the same manner
as municipal sewage sludge. Testing must be performed to ensure compliance with ARARs.

Effectiveness: The BCD process can be very effective in the treatment of PCB contaminated soil
at the Chemsol site. It does not suffer from some of the adverse limitations that affect the APEG
process. However, like the APEG process, it does produce residuals which may require further
treatment and/or disposal. The process is sensitive to particle size, clay content, and pH and is
adversely affected by higher moisture content.

Implementability: The BCD process can be readily implemented because it is both technically
and administratively feasible. The necessary equipment and materials are readily available. The
process will need to satisfy the substantive requirements of a permit from NJDEP and other local
jurisdictions such as MCUA before treatment operations can commence.

Cost: The relative costs for this dechlorination process range from moderate to high depending
on the disposal methods used for process residuals.

Conclusion: The BCD treatment process will be retained in the formulation of alternatives because
it is very specific to the primary soil contaminants present at Chemsol and may be used as the sole
treatment method or as part of a treatment train if necessary.

2.7.2.5.7 In Situ Treatment

An in situ technology is defined as a technology that can be applied to treat the hazardous
constituents of a waste or contaminated environmental medium where they are located without
being physically removed. The mechanism of in situ treatment may be physical, chemical,
thermal, biological, or a combination of these. The location of the treatment however, imposes
unique constraints on the application and effectiveness of the treatment process. In situ
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technologies described below include soil flushing, solidification/stabilization, vitrification,
biodegradation, and control of volatile materials.

2.7.2.5.7.1 Soil Flushing

Description: Soil flushing is an in situ version of soil washing described above in Section 2.7.2
5.4. The use of soil flushing to remove soil contaminants involves the elutriation of organic
and/or inorganic constituents from soil for recovery and treatment. The site is flooded with the
appropriate washing solution, and the elutriate is collected in a series of shallow wellpoints or
subsurface drains. The elutriate is then treated and/or recycled back into the site. During the
elutriation process, contaminants are mobilized into the flushing solution by way of solubilization,
formation of emulsions, or a chemical reaction with the flushing solution. Collection of elutriate
is required to prevent uncontrolled contaminant migration through uncontaminated soil and into
receiver systems, including ground and surface waters.

Flushing solutions may include water, acidic aqueous solutions (sulfuric, hydrochloric, nitric,
phosphoric, and carbonic acid), basic solutions (e.g., sodium hydroxide), and surfactants (e.g.,
alkylbenzene sulfonate). Water can be used to extract water-soluble or water-mobile constituents.
Acidic solutions are used for metals recovery and for basic organic constituents (including amines,
ethers, and anilines); basic solutions for metals (including zinc, tin, and lead); and basic solutions
for some phenols, complexing and chelating agents, and surfactants.

Effectiveness: Soil flushing is still in the laboratory stage. Studies have been conducted to
determine the appropriate solvents for mobilizing various chemical constituents. Soil flushing is
contaminant-specific and has the greatest potential for success on soils contaminated with a few
specific chemicals. The process is often used for the removal of volatile organics from permeable
soils. Local soil conditions can have a great affect on the performance of the system. Soils with
a low hydraulic conductivity such as the silty and clayey soils at the Chemsol site are not very
amenable to soil flushing, and may impede movement of the flushing solution through the soils,
resulting in less removal. Since the PCBs are generally strongly bound to soil particles, soil
flushing is not likely to be effective for the soils at Chemsol.

Implementability: The full-scale application of soil flushing to treat hazardous wastes is not yet
widespread, although mobile units are currently available. Actual field experience with in situ soil
flushing has generally been limited to petroleum remediation. Treatment residuals, such as the
contaminated elutriate, must be managed. The introduction of the surfactant could interfere with
the implementation of the groundwater extraction and treatment remedy. Soil flushing equipment
and materials are available presently. Operating and maintenance requirements are extensive.
PCBs are not present in the groundwater at Chemsol and attempting to flush them into the
fractured bedrock aquifer is not desirable.

Cost: The relative costs of soil flushing to treat the contaminated soils at the Chemsol site would
be in the moderate to high range.
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Conclusion: Soil flushing will not be retained for further consideration because it is not desirable
to flush PCBs into the groundwater and may result in transferring contamination to previously
clean areas (those containing less than 1 mg/kg of PCBs).

2.7.2.5.7.2 Solidification/Stabilization

Description: In situ solidification/stabilization technologies, like their ex situ counterparts, are
designed to reduce contaminant solubility in the treated waste, improve the handling and physical
characteristics of the waste, and to decrease the surface area across which the transfer or loss of
contaminants may occur. Solidification processes eliminate free liquids, increase the bearing
strength, decrease the exposed surface area of the waste material and produce a monolithic product
of high structural integrity. Stabilization reduces the hazardous potential of waste material by
converting the contaminants to a less toxic, mobile and/or soluble form. Among the waste
solidification/stabilization systems that are potentially applicable to the remediation of hazardous
wastes are pozzlan-portland cement systems, lime-fly ash pozzolan systems, thermoplastic
microencapsulation, sorption and organic binding. The first three of these have been outlined in
Section 2.7.2.5.2.

Effectiveness: The most significant difficulty in applying in situ solidification/stabilization for
contaminated soils is the uniform mixing of the solidification/stabilization agent with the soils.
Organic solvents and oils may impede setting of the hardened mass and /or escape as a vapor.
Solidification/stabilization is an effective treatment for most metals, with the exception of halides.
Solidification/stabilization will effectively decrease contaminant mobility and toxicity but will
actually increase the volume of the contaminated mass. Lead contamination can be potentially
treated in this manner.

Implementation: Although the application of in situ solidification/stabilization is not nearly as
widespread as off site solidification/stabilization, its technical and administrative feasibility have
been demonstrated. Pretreatment may be necessary to ensure that the permeability of the waste
materials and the soils surrounding them, porosity of waste materials and soils, and spatial
distribution of the wastes in the surrounding material are conducive to adequate contact between
the waste, soil, and solidification/stabilization reagent. Ordinary, readily available construction
equipment is used to mix the soils. Operation and maintenance concerns are significant because
of the continuing presence of the solidified mass.

Cost: The relative costs of treating the contaminated soils at the Chemsol site by means of a
solidification/stabilization process would be in the moderate range.

Conclusion: Solidification/stabilization will be retained for further consideration in alternatives
development because it can potentially avoid excavation of contaminated soil.
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2.7.2.5.7.3 Vitrification

Description: Vitrification is an in-situ process of melting wastes and soil/sludge in place to bind
the waste in a glassy, solid matrix that is resistant to leaching and more durable than granite or
marble. Large electrodes are inserted into contaminated soils containing significant levels of
silicates. The electrodes are connected to the soil by graphite on the surface. A high current of
electricity passes through the electrodes and graphite generating melt temperatures in the range
of 1600 to 2000 C. The heat causes a melt that gradually proceeds downward through the soil.
The graphite starter path is eventually consumed by oxidation, and the current is transferred to the
molten soil, which is now electrically conductive. Organic pollutants are destroyed by pyrolysis
or trapped in the melt with inorganics. Convective currents within the melt uniformly mix
materials that are present within the soils. A hood must be placed over the processing area to
collect volatiles driven off during startup, combustion gases, and steam, conveying them into an
off-gas treatment system.

Effectiveness: In situ vitrification (ISV) is applicable to soils contaminated with metal and/or
organic compounds exhibiting high Koc or Kow values. This process could handle the projected
waste volumes that may require treatment at the Chemsol site. The reliability of in situ
vitrification as a treatment for the contaminated soils at the Chemsol site could be determined by
treatability studies. An off-gas treatment system may be necessary in order minimize any potential
impacts to human health and the environment during startup and implementation.

Implementability: Specific site conditions must be reviewed in detail, potentially including a
treatability study, prior to making final applicability decisions. A combination of high silt/clay
content and the presence of groundwater can create economic limitations to the process. Poor soil
conductance may necessitate the addition of sand, soda ash, or glass frit to improve the process.
In situ vitrification is a proven technology that was originally used to stabilize radioactive wastes.
No Superfund site contaminated primarily with PCBs has been treated by this technology to date.
The intended future use of the site may make it difficult to implement ISV at Chemsol.

Cost: The relative cost of vitrification would be very high because of the significant energy
requirements of the treatment process.

Conclusion: Vitrification will not be retained for further consideration because of the higher costs
of this technology compared to other suitable technologies for the Chemsol site.

2.1.2.5.1 A Biodegradation

Description: In situ biodegradation is very similar to the processes described in Section 2.7.2.5.1.
Biodegradation is often used in conjunction with a groundwater extraction and reinjection system
to circulate the nutrients and oxygen.

Effectiveness: Biodegradation is not expected to be very effective for clean-up of PCBs to a level
of 1 mg/kg as discussed under 2.7.2.5.1.
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Implementability: A complete site hydrogeology and soils assessment is necessary to define the
conditions that may influence the in-situ chemical and biological activity. Biodegradation
processes for PCB clean-up to a level of 1 mg/kg have not been demonstrated at many hazardous
waste sites. The necessary equipment and materials are available in variety of commercially
available systems. A treatability study may be necessary to determine the applicability and
optimal conditions for such processes. Any injection of oxidizers or nutrients, during the
implementation of a chemical or biological degradation process, to the groundwater would require
meeting the substantive requirements of a State Pollutant Discharge Elimination System Permit
in accordance with NJDEP regulations. Long term monitoring of the soil and groundwater is
necessary in order to determine when remedial action objectives have been achieved.

Cost: The relative cost of biodegradation to remediate the contaminated soils at the Chemsol site
would be in the low to moderate range.

Conclusion: In situ biodegradation will not be retained for further consideration in the alternatives
development.

2.7.2.5.7.5 Control of Volatile Materials

Description: Soil vapor extraction, and more particularly, vacuum extraction are proven
technologies for the remediation of soils contaminated with volatile organic compounds and are
the systems most often used to control volatile materials. Two other, more limited, processes used
to control volatile materials are radio frequency heating and soil cooling. Vapor extraction
systems recover volatile contaminants by injecting air into contaminated soils and extracting the
air (in which volatile chemicals have partitioned) in a vapor recovery well. Critical to the
successful application of vapor extraction, an in situ technology, is the ability to achieve adequate
vapor flow through the contaminated zone. Vapor flow rates through media, such as soil, are
dependent on soil characteristics such as permeability and porosity, as well as gas properties such
as viscosity, density, and pressure gradients. PCBs are not very volatile.

Vacuum extraction, a type of soil vapor extraction, involves the enhanced removal of chemicals
through the application of a vacuum which volatilizes compounds from soil and pore water. Clean
air is injected into the contaminated vadose or unsaturated zone soils and a vacuum apparatus is
used to extract organic contaminants from a recovery or extraction well. The contaminant stream
passes through a vapor/liquid separator. The resulting off-gases undergo treatment with activated
carbon or other means before being released into the atmosphere. The technology uses such
readily available equipment as extraction and monitoring wells, manifold piping, a vapor/liquid
separator, a vacuum pump, and an emission control device.

Effectiveness: This technology is most effective at sites contaminated by liquids with high vapor
pressures. The success of vapor extraction is dependent on site conditions, soil properties
(particularly porosity and permeability), and the chemical properties of the contaminants (i.e.,
Henry's constant > 0.001). Vacuum extraction is a viable technology to fully remediate a site
contaminated by volatile organic compounds to non-detectable levels in soils. The extraction
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system is used to remove contaminated vapor only and provides permanent remedial action.
However, it is not suitable for PCBs.

Implementability: This technology can be easily implemented because the necessary equipment
and materials are readily available, and operating and maintenance requirements are minimal. It
is not applicable to PCBs removal.

Cost: The relative costs of systems to control volatile materials is not applicable to the PCB
contamination problem at Chemsol.

Conclusion: The control of volatile materials will not be retained for further consideration because
it is not suitable for treatment of PCBs or lead.

2.7.2.5.7.6 Phvtoextraction

Description: Phvtoextraction is a new emerging technology that makes use of metal-accumulating
plants to remove toxic metals like lead and cadmium from soil. Plants are like solar driven pumps
that can extract and concentrate certain elements from their environment. All plants have the
ability to accumulate from soil and water, those heavy metals that are essential for their growth
and development. These metals include iron, manganese, zinc, copper, magnesium, and nickel.
Certain plants also have the ability to accumulate heavy metals like cadmium, chromium, lead,
cobalt, silver, selenium and mercury which appear to have no known biological function.
However, excessive accumulation of these heavy metals can be toxic to most plants. The ability
to both tolerate elevated levels of heavy metals, and to accumulate them to unusually high
concentrations has evolved both independently and together in a number of different plant species.
The basic idea that plants can be used for environmental remediation is certainly very old.
However, it is only recently that the value of metal accumulating terrestrial plants for
environmental remediation has been fully realized. Phytoextraction is used to transport and
concentrate metals from the soil into harvestable parts of roots and above-ground shoots.

Recent studies have shown that certain cultivars of Brassica juncea (Indian mustard) (Cultivar
426308) had the highest shoot lead accumulation as well as an ability to accumulate and tolerate
cadmium, hexavalent chromium, nickel, zinc and copper. This plant not only has the ability to
accumulate heavy metals, but it also has a rapid growth rate and the potential to produce a high
biomass in the field which can be harvested. It can produce an average yield of 18 tons/hectare.
In a number of experiments, roots of Cultivar 426308 were able to concentrate lead 173-fold over
the lead levels in the growing medium. The highest root accumulation was observed in Cultivars
211000, 478326 and 478336. All lead accumulating cultivars are vigorous plants with high above-
ground biomass. Field trials have been conducted at certain sites in Trenton, New Jersey and also
in the Mariupol and Chemobyl regions of the Ukraine.

Effectiveness: The effectiveness of phytoextraction for remediation for remediation of heavy
metal contaminated soil is highly dependent on the availability of metals for plant uptake. Metals
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in the soil environment exist as components of several different fractions: (1) free metal ions and
soluble metal complexes in the soil solution; (2) metal ions occupying ion exchangeable sites and
specifically adsorbed on inorganic soil constituents; (3) organically bound metals; (4) precipitated
or insoluble compounds, particularly of oxides, carbonates and hydroxides; and, (5) metals in the
structure of silicate minerals. Anthropogenic metal contamination of soils generally results in
metals occurring in fractions (l)-(4) while metals in fraction (5) are indicative of background or
indigenous soil concentrations (Ramos et al. 1994). A major hurdle for phytoextraction is that only
fraction (1), and, possibly some components of fraction (2) are readily available to plants.
Manipulation of the soil environment to enhance the availability of metals is critical for effective
phytoremediation.

Based on the available information, the rate of lead removal from contaminated soil can be
estimated as follows: Total above-ground biomass production is 18 tons/hectare production of root
mass with 20% lead. One planting of the best lead accumulating cultivars can remove as much
as 2000 kg lead/hectare when grown in soil containing lead. In most areas of the U.S. at least
three sequential crops can be grown each year. At those sites where only the above-ground
biomass can be harvested, plants can still remove 1.9 tons of lead/hectare/year. Dried biomass,
if combusted, will produce ash containing up to 25 percent lead which may then be used to
reclaim and recycle the metal, precluding landfill disposal.

Implementability: Although it appears that this promising technology could be technically
feasible, it may require additional testing on a pilot-scale before it becomes administratively
feasible to implement. The equipment needed is common farm and agricultural equipment that
is readily available. The necessary plant species and materials are also easily available. Operation
and maintenance requirements are extensive as with any agricultural activity.

Cost: The relative capital costs for this technology are low. The relative O & M costs are
expected to be in the low to moderate range.

Conclusion: Although phytoextraction appears to be a promising technology for lead removal
from contaminated soil, it will not be retained for alternatives development, because it not likely
to meet the necessary administrative approvals from EPA and NJDEP for full scale remediation
efforts.

2.7.2.5.8 Off-Site Treatment

Description: The excavation, removal, and shipment to an off-site treatment, storage and disposal
facility (TSDF) is a possible alternative to in situ or on-site ex situ treatments for the contaminated
soil. Among the possible off-site treatments that could be considered are low temperature thermal
desorption, solvent extraction, dechlorination using the BCD process, and
solidification/stabilization. These processes are all similar to the mobile unit systems described
previously.
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Any excavated material that is not treated will require disposal in an appropriate landfill.
Solidified waste or waste ash may also be landfilled to further reduce the potential for contaminant
migration.

Off-site treatment involves the transportation of excavated wastes and contaminated soils to the
nearest EPA-approved TSDF. The technical considerations relevant to this approach involve the
method of transportation, the selection of a transporter, and the location of the off-site facility
chosen, based on the characteristics of the contaminated material. All TSDF facilities to be
considered under this option must be fully permitted to accept all waste groups likely to be found
in the contaminated soil at the Chemsol site. After excavation, all excavated areas must be
backfilled, regraded and revegetated.

Effectiveness: Off-site treatment is applicable to all waste treatability groups. The effectiveness
of off-site treatment varies depending upon which process is chosen. Off-site treatment and
disposal of wastes is the least favorable remedy under SARA.

Implementability: Off-site treatment is both administratively and technically feasible and is a
widespread remedy for many types of hazardous waste. Necessary materials and equipment are
readily available and operation and maintenance concerns are minimal. The transportation of
contaminated wastes to an off-site facility may cause the dispersion of organic vapors and
paniculate matter throughout the neighboring residential area. Transportation concerns along the
route to the ultimate disposal facility are also a concern. Compatability tests will have to be
performed prior to bulking wastes for off-site transport to ensure that fires, explosions or releases
of toxic gases do not occur. Use of an off-site facility would require that the transportation of the
hazardous waste meet all DOT regulations.

Cost: The costs for off-site treatment would be moderate to high depending upon the treatment
process chosen. Transportation costs alone are significant.

Conclusion: Off-site treatment will be retained for further evaluation. It may be applicable to
particular waste treatability groups that cannot be treated in situ nor in an ex situ, on-site treatment
process. It may be applied as a secondary or tertiary treatment to wastes of reduced toxicity or
volume that contain contaminants not treated by the primary treatment.

2.7.2.6 Disposal

Disposal technologies are generally used in conjunction with other technologies such as excavation
or treatment. Therefore, disposal will not be applicable to those source areas (if any) where
excavation is not feasible. The requirements for disposal can be divided into two categories,
depending on whether it is performed on-site or off-site.
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2.7.2.6.1 On-Site Landfill

Description: In this case, contaminated soil or treatment residues will be transferred from the
source areas to an on-site landfill that would have to be created. It has been determined that on-
site disposal actions are exempt from formal permitting. However, all substantive technical
standards must be met.

Effectiveness: Contaminated soil will be relocated from source areas to a landfill at the site. It
will not reduce the toxicity and volume of the waste but control the mobility.

Implementability: The Chemsol site presently does not have any approved landfill. Although
construction of an on-site landfill is technically feasible, administratively it is not feasible. The
site is zoned residential and any proposed landfill may receive tremendous opposition from local
residents and officials Therefore implementability of this option is very unlikely.

Cost: The costs of this technology are relatively low to moderate. The long term maintenance and
monitoring program may be a significant factor for the cost evaluation.

Conclusion: The on-site landfill option will not be retained for further consideration because it
is not implementable for the Chemsol site.

2.7.2.6.2 Off-Site Landfill

Description: In this disposal option, contaminated soil will be transferred to an approved landfill
for disposal. The disposal facility should be in compliance with all federal and state regulations
at least within the past half-year.

Effectiveness: The off-site disposal of contaminated soil will permanently prevent contaminants
migrating from source areas into the surrounding environment. They also provide maximum
protection to human health at the site. However, the off-site disposal technologies are merely the
process of waste relocation. They will not reduce the toxicity, mobility, or volume of the waste.

Implementability: The off-she disposal technologies are becoming increasingly difficult and more
expensive due to steadily growing regulatory control of these technologies. At the site,
pretreatment of waste may be necessary prior to conducting off-site disposal.

Cost: The capital costs of the off-site disposal option will depend on the waste volume, type of
waste stream, and facility's location.

Conclusion: The disposal of contaminated soil to an approved landfill will be retained for further
consideration because it can be used in conjunction with some pretreatment technologies.
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2.8 SUMMARY OF RETAINED TECHNOLOGIES AND PROCESS OPTIONS

2.8.1 GROUNDWATER

The prior discussions with respect to groundwater have focused on the interim remedy that is
operational at the site. The interim remedy can treat contaminated groundwater through processes
such as air stripping, biological treatment, filtration and activated carbon adsorption.
Furthermore, the treated groundwater can be discharged to either Stream 1A or to the sewer
system. Given that specific technologies and process options currently exist at the site, these
technologies and options will be used to develop and screen remedial alternatives.

2.8.2 SOILS

The screening process eliminated: containment technologies such as vertical and horizontal
barriers; treatment technologies such as thermal destruction, bioremediation, soil washing,
dechlorination with APEG; in-situ technologies such as soil flushing, vitrification, biodegradation,
control of volatile materials, and phytoextraction; and on-site landfill disposal technologies and
their associated process options from further consideration to remediate contaminated soils at the
Chemsol site. A list of the technology types and the process options retained for combination into
remedial alternatives for further evaluation are shown in Figure 2-5. In addition, Table 2-4
presents a summary of the treatment technologies that were retained and the types of chemical
compounds to which they are most applicable. As discussed earlier, it should be noted that
treatment can be performed on-site or off-site.
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3.0 DEVELOPMENT AND SCREENING OF REMEDIAL ALTERNATIVES

In this section, potential remedial alternatives for the Chemsol site are developed by grouping the
potential remedial technologies identified in Section 2.8. In this section, the alternatives have been
screened on the basis of effectiveness, implementability, and cost considerations. This screening step
was performed to narrow the field of potential alternatives while preserving an adequate range of
options. The alternatives that remained following this screening are further evaluated via the detailed
analysis presented in Section 4.0.

As stated in Section 2.0, the primary focus of this FS is: to restore the presently vacant and
abandoned site to beneficial use; remediate/prevent human exposure to soils contaminated with PCBs
and lead above cleanup goals; and, to prevent/minimize offsite migration of groundwater
contamination in the fractured bedrock aquifer and (through the process of containment) reduce the
mass of contaminants to the maximum extent possible. In order to meet these objectives, this FS
considers various groundwater extraction / treatment / discharge schemes for remediation of
contaminated groundwater and various containment / treatment / disposal schemes for remediation
of portions of the vadose zone soils in Lots 1A and IB. The primary contaminants in the
groundwater are volatile and semivolatile organics, whereas the primary contaminants in the vadose
zone soils are PCBs and lead.

This FS considers those alternatives which can be typically categorized as either Source Control or
Management of Migration alternatives. Source control alternatives generally consist of remedial
actions which prevent or minimize risks by controlling the source of the contamination at or near the
area where the hazardous substances were originally located. Management of migration alternatives
generally prevent or minimize risks due to the migration of the hazardous substances away from the
source. This section also restates the response objectives to be achieved by the remedial alternatives.
Management of migration and source control alternatives are developed in Section 3.1, and described
and screened in Section 3.2. Alternative development criteria and applicable guidelines are also
presented in Section 3.1.

It must be stressed that the alternatives developed and screened herein are conceptual. Any
characteristics of these alternatives (such as remediation locations, depths, and extraction rates)
should be considered to be approximate.

3.1 REMEDIAL ALTERNATIVE DEVELOPMENT

3.1.1 ALTERNATIVE DEVELOPMENT CRITERIA

Alternative development must conform to the requirements of CERCLA, as amended by SARA, and
to the extent possible, the NCP Section 300 68 of the NCP specifically refers to ARARs in the
development of alternatives. CERCLA Section 121(d) requires that Superfund remedial actions
attain ARARs or other Federal statutes Superfund remedial actions must also attain State
requirements that are more stringent than Federal requirements to the extent that they are also
applicable or relevant and appropriate and are identified by NJDEP to USEPA in a timely manner.

CERCLA, Section 121(b) identifies the following statutory preferences that must be considered
when developing and evaluating remedial alternatives:
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• Remedial actions that involve treatment that permanently and significantly reduces the
volume, toxicity, or mobility of the hazardous substances are preferred over remedial actions
not involving such treatment.

• Off-site transport and disposal of hazardous substances or contaminated materials without
treatment is considered the least favorable remedial alternative when practical treatment
technologies are available.

• Remedial actions using permanent solutions, alternative treatment technologies, or resource
recovery technologies shall be assessed.

Based on these statutory preferences and the response objectives developed in Section 2.3, remedial
alternatives were developed to meet the following criteria:

• The remedial alternative is protective of human health and the environment.

• The remedial alternative attains chemical-specific ARARs and can be implemented in a
manner consistent with location-specific and action-specific ARARs.

• The remedial alternative uses permanent solutions and alternative treatment technologies to
the maximum extent possible.

• The alternatives developed are capable of achieving the remedy in a cost-effective manner.

EPA OSWER Directive Number 9355.0-19, dated December 24, 1986, provides guidance regarding
implementation of CERCLA amendments during the remedy selection process. This directive states
that the treatment alternatives should range from an alternative that, to the degree possible, would
eliminate the need for long-term management (including monitoring) at the site to alternatives
involving treatment that would reduce toxicity, mobility, or volume. This directive also indicates that
the containment option (involving little or no treatment) and a no action alternative should be
developed

Source control alternatives primarily address situations in which hazardous substances remain at or
near the areas where they were originally located and are not adequately contained to prevent
migration into the environment The purpose of source control remedies is to prevent or minimize
the migration of hazardous substances from the source material. These remedies seek to remove,
stabilize, and/or contain the hazardous substances, and are primarily applied in cases where
contaminants are in the vadose zone soil. Hence, source control alternatives have been developed
for the Chemsol vadose zone soils in Lots 1A and IB

At the Chemsol site, other remedial alternatives can be categorized as Management of Migration
actions since contaminated groundwater plumes have been identified as extending beyond the physical
boundaries of the site and at depths monitored by the deepest monitoring wells.
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3.1.2 CONSIDERATION OF REMEDIAL ACTION OBJECTIVES IN ALTERNATIVE
DEVELOPMENT

Based on the information presented in the RI, the risk assessment determined that the contamination
present in the soils and groundwater at the Chemsol site currently has no definable impacts on the
environment (ecological receptors) that warrant active measures. Therefore, the remedial action
objectives were developed only for the protection of public health. As discussed in Section 2.0, the
following remedial action objectives have been established for cleanup activities at the site. These
objectives are to:

• Restore the presently vacant and abandoned site to beneficial use based on its current
zoning as a residential property (except for portions of the site that are used for
groundwater extraction, treatment and discharge).

• Prevent/minimize off site migration of groundwater contamination in the fractured bedrock
aquifer. Fully contain the contaminated groundwater (that which is above Federal and State
MCLs) from all depth zones and, in so doing, reduce the mass of contaminants to the
maximum extent possible. Augment the existing interim remedy as necessary, in order to
achieve these goals. Aquifer restoration is highly unlikely in this fractured bedrock.

• Flush (e.g. promote infiltration or pulsed pumping) contaminants present and trapped in the
dewatered portions of the fractured bedrock into the groundwater for subsequent removal and
treatment.

• Prevent human exposure to contaminated groundwater.

• Remediate/prevent human exposure to surface soils (zero to two feet below ground surface)
contaminated with PCBs > 1 mg/kg and Lead > 400 mg/kg. Additionally, subsurface soils
with PCB concentrations greater than 1 mg/kg will be similarly addressed, in order to
promote unrestricted use of the property with regard to the soils.

• Monitor the surface water, sediments and air while the remediation of other media such as
the surface soil is implemented. This is necessary because the surface waters from Chemsol
eventually discharge into water bodies that are used for drinking water purposes.

These objectives have been considered in developing and evaluating the various remedial alternatives.

3.1.3 COMBINATION OF POTENTIALLY APPLICABLE REMEDIAL
TECHNOLOGIES INTO REMEDIAL ALTERNATIVES

The potentially applicable technologies remaining after the initial screening in Section 2.0 have been
combined into a number of remedial alternatives, as follows:
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3.1.3.1 Remedial Alternatives for Groundwater (GW)

Alternative GW-1: No Action
Alternative GW-2: Continue Existing Interim Action - Extract Groundwater from Well C-l
Alternative GW-3: Extract Groundwater from Wells C-l, TW-8 and DMW-9 - Use Existing

Treatment Processes: Air Stripping / Aerobic Mixed Growth Biotreatment /
Filtration /Activated Carbon Adsorption

Alternative GW-4: Extract Groundwater from Wells C-1, C-2, TW-8 and DMW-9 - Use Existing
Treatment Processes Air Stripping / Aerobic Mixed Growth Biotreatment /
Filtration /Activated Carbon Adsorption

Alternative GW-5: Extract Groundwater from Wells C-1, C-2, TW-4, TW-5, TW-8 and DMW-9
- Use Existing Treatment Processes Air Stripping / Aerobic Mixed Growth
Biotreatment / Filtration / Activated Carbon Adsorption

Alternative GW-1 does not include any extraction or treatment of contaminated groundwater. The
treatment alternatives GW-2, GW-3, GW-4 and GW-5 consist of groundwater extraction, treatment
and discharge They include a treatment train with various treatment technologies: air stripping
followed by aerobic mixed growth biotreatment, pressure filtration and polishing with activated
carbon adsorption. In addition, remedial alternatives GW-2, GW-3, GW-4 and GW-5 can be
implemented with two possible discharge options for the treated water: discharge to the MCUA
POTW, or discharge to Stream 1 A. Options involving limited partial reinjection and/or infiltration
to allow a small amount of direct recharge to the fractured bedrock aquifer (not included in this FS)
may also be feasible. Alternative GW-1 is a true no action alternative that includes only monitoring
and five-year reviews required by the NCP. The various combinations of treatment technologies and
discharge options for alternatives GW-2, GW-3, GW-4 and GW-5 are summarized below, by
discharge option:

• Discharge to the MCUA POTW
Treatment train includes: Air Stripping followed by Filtration followed by Activated Carbon
Adsorption (GW-2A, GW-3A, GW-4A, GW-5A)

• Discharge to Stream 1A
Treatment train includes: Air Stripping followed by Aerobic Mixed Growth Biotreatment
followed by Filtration followed by Activated Carbon Adsorption (GW-2B, GW-3B, GW-4B,
GW-5B)

3.1.3.2 Remedial Alternatives for Soil Contaminated with PCBs and Lead(S)

Alternative S-1: No Further Action
Alternative S-2: Capping
Alternative S-3: Excavation and Offsite Disposal
Alternative S-4: Excavation and Onsite Low Temperature Thermal Desorption of PCB

contaminated soil with Onsite Solidification / Offsite Disposal of Lead
contaminated soil

Alternative S-5 Excavation and Onsite Solvent Extraction of PCB contaminated soil with
Onsite Solidification / Offsite Disposal of Lead contaminated soil
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Alternative S-6: Excavation and Onsite Base Catalyzed Decomposition of PCB contaminated
soil with Onsite Solidification / OfFsite Disposal of Lead contaminated soil

Alternatives S-l and S-2 do not require any excavation of contaminated soils. Alternatives S-l,S-2
and S-3 also do not involve any treatment. Alternative S-l is a no further action alternative that
involves only monitoring and the five-year reviews required by SARA. In Alternative S-2
(containment), the contaminated soil would be covered with either a soil cap or an asphalt cap.
Alternative S-3 includes excavation and offsite disposal. Hazardous soils (those that fail the TCLP
test or meet the RCRA characteristic definition of being ignitable, corrosive or reactive) will have to
be disposed of at a permitted offsite landfill. Alternative S-4 includes excavation of all contaminated
vadose zone surface soils down to an approximate depth of 2 feet below grade and onsite treatment
using low temperature thermal desorption for PCB contaminated soils followed by onsite
solidification/ofFsite disposal of lead contaminated soils. Alternatives S-5 and S-6 are similar to
Alternative S-4 and differ only with respect to the method of treatment of PCB contaminated soils:
solvent extraction and base catalyzed decomposition, respectively. The excavated lead contaminated
soils are either treated onsite or disposed of offsite exactly as in Alternative S-4. For all three onsite
treatment options for alternatives S-4, S-5 and S-6, the treated soils would be used to backfill the
excavated areas For the disposal options, additional clean fill would have to be brought in. The
various combinations of containment or treatment and/or disposal options for alternatives S-2, S-4,
S-5 and S-6 are listed below:

• Capping
Capping with soil (S-2A)
Capping with asphalt (S-2B)

• Onsite Treatment of PCB contaminated soil with Onsite Solidification of Lead contaminated soil
Low Temperature Thermal Desorption (S-4A)
Solvent Extraction (S-5A)
Base Catalyzed Decomposition (S-6A)

• Onsite Treatment of PCB contaminated soil with Offsite Disposal of Lead contaminated soil
Low Temperature Thermal Desorption (S-4B)
Solvent Extraction (S-5B)
Base Catalyzed Decomposition (S-6B)

3.1.4 EVALUATION CRITERIA AND APPROACH

The screening criteria discussed herein conform with the remedy selection requirements set forth in
CERCLA, as amended. Section 121, and in the NCP (40 CFR 300.68(g)) and OSWER Directive
9355.3-01 The three criteria used for the initial screening of alternatives at the Chemsol site are
described below

Effectiveness:

Effectiveness criteria are based on the outline presented in CERCLA, as amended, Section 121(b).
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The primary criterion in screening the effectiveness of a remedial alternative is its ability to protect
human health and the environment. Other factors to be considered are:

• The ability of a remedial alternative to reduce the toxicity, mobility, or volume of
contamination.

• The capability of an alternative to attain the potential ARARs presented in Section 2.2.

• The impact to a remedial alternative's effectiveness due to the long-term uncertainties
associated with land disposal.

• The goals, objectives, and requirements of the Solid Waste Disposal Act.

The persistence, toxicity, and mobility of the hazardous substances, and their propensity to
bioaccumulate.

• Short-term and long-term potential for adverse health effects from human exposure.

• The potential for future remedial action costs if the remedial alternative in question were to
fail.

• The potential threat to human health and the environment associated with excavation,
transportation, and redisposal or containment.

Implementability:

Implementability is considered in the screening process as a measure of the technical and
administrative feasibility of constructing, operating, and maintaining a remedial action. Factors
considered in this evaluation include:

• The ability to construct and operate alternative technologies within site-specific and
technology-specific regulations and constraints. Technical aspects to be considered include
operation, maintenance, monitoring, and post-implementation support.

The extent of administrative coordination required to substantively comply with permit
requirements and the coordination required with other government agencies.

• The availability of key alternative components and the time required for installation and
attainment of the desired results.

Cost:

The intent of the cost screening is to make order-of-magnitude comparisons to screen out alternatives
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which have much higher costs than other alternatives without providing a comparative increase in
protection. Costs were identified as advantageous (low) or disadvantageous (high) to aid in choosing
among alternatives of the same type. Both capital, and operation and maintenance costs were
considered. Alternatives that have excessive costs (at least an order of magnitude higher than a
comparable alternative), and do not provide an increase in protection, have been eliminated from
further consideration. Costs were used to screen between on-site versus off-site treatment
technologies. Costs were not used to screen between treatment and non-treatment alternatives. Cost
details are presented in the detailed analysis of alternatives, Section 4.0.

3.2 DESCRIPTION AND SCREENING OF REMEDIAL ALTERNATIVES

3.2.1 REMEDIAL ALTERNATIVES FOR GROUNDWATER (GW)

All alternatives developed for the Chemsol site (with the exception of Alternative GW-1, No Action)
consist of contaminated groundwater extraction, groundwater treatment, and treated water discharge.
A three dimensional, finite element groundwater flow model (DYNFLOW) was used to develop a
preliminary conceptual groundwater model of the Chemsol study area (see Appendix A). This model
was used to develop several groundwater extraction and treated water discharge scenarios for the
Chemsol groundwater contamination plume. A principal strategy used during the modeling effort was
to extract groundwater at relatively low flow rates from onsite locations that have been identified
during the RI as being the most contaminated This approach allows removal and treatment of a large
mass of contaminants from the aquifer without unnecessary dilution by groundwater from clean
zones. The net average groundwater extraction rates (based on conservative assumptions) were
determined to be 21 to 55 gallons per minute (gpm). These rates of 21 to 55 gpm were used as the
nominal design rates for cost estimation purposes. It is assumed that source control (soil
remediation) will be implemented before groundwater remediation. Monitoring of the plume will
be a component of the remedial alternatives for groundwater at Chemsol.

3.2.1.1 Alternative GW-1: No Action

Description

Tnis alternative includes an annual sampling of 20 existing monitoring wells to conduct a long-term
monitoring program Under this alternative, which is required by the NCP and SARA, the current
operation of the interim groundwater remedy would cease. All samples would be analyzed for TCL
organics and TAL inorganics. A review of site conditions would occur at the end of every five years
(for a thirty year period) to determine whether or not the contamination has spread. If necessary,
appropriate action would be considered at that time.

Evaluation:

Effectiveness: This alternative relies on natural attenuation and flushing processes to achieve
reduction in toxicity of contaminants and is ineffective in meeting the remediation goals. The
contaminated groundwater will continue to move toward downgradient offsite industrial and
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residential wells and towards centers of offsite pumping. Emergency measures may have to
be undertaken in the event a future risk arises, because this alternative does not reduce long-
term risks

• Implementability: No Action is readily implemented. Only the activities described above must
be conducted.

• Cost: There is no capital cost associated with this alternative. The annual operation and
maintenance costs for this alternative are estimated at $59,336. The present worth, calculated
at a discount rate of 5%, is $912,000.

Conclusion:

The No Action alternative does not reduce the toxicity, mobility, or volume of the contamination.
The dominant risk is posed by the potential future use of the groundwater for drinking and showering.
Almost all current downgradient users have an alternate water supply source for drinking and
showering at present No Action has been retained for detailed analysis, in accordance with
CERCLA and the NCP, to serve as a basis for comparison with other remedial alternatives.

3.2.1.2 Alternative GVV-2: Continue Existing Interim Action - Extract Groundwater
from Well C-l

Description:

The major features of this remedial alternative include: groundwater extraction (pumping and
collection) from the Chemsol plume as depicted in Figures 7, 8 and 9 of Appendix A; groundwater
treatment to MCLs or natural background, or surface water quality standards, as appropriate;
discharge of the treated water; and a performance monitoring program.

Groundwater would continue to be extracted at an average rate of 21 gpm from the plume using
extraction well C-l as at present. As stated in Appendix A, well C-l would be pumped and
groundwater would be extracted from portions of the fractured bedrock aquifer both above and
below the gray marker shale. This is expected to continue for at least several decades or until the
contaminant mass is reduced such that contaminant concentrations show no significant change even
after extraction is stopped for an extended period The discharge options for treated water, as
described in section 3.1.3.1, are: discharge to the MCUA POTW and discharge to Stream 1 A. For
discharge to the MCUA POTW option (GW-2A), treatment of the extracted groundwater consists
of air stripping to remove volatile organics followed by pressure filtration pretreatment before
polishing with activated carbon to remove semi-volatile organics. For the Stream 1A discharge
option (GW-2B), the groundwater would be required to undergo aerobic mixed growth biotreatment
immediately following air stripping and then be followed by pressure filtration and activated carbon
adsorption.

The locations of the treatment plant, extraction well, and effluent discharge pipe are shown in Figure
1-6. A schematic diagram of the treatment process is shown in Figure 2-1. Under this alternative, the
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existing influent pipe from well C-l would have to be replaced with one that is buried after
implementation of the source control (soil) remedy so that a large portion of the site could be
restored to beneficial use. Contaminated groundwater would be treated to action levels defined by
the Federal and State MCLs for public drinking water supplies or natural background, or Federal and
State Surface Water Quality Standards, as appropriate. In cases where MCLs or surface water quality
standards have not been promulgated, the cleanup level would be defined as the upper contaminant
limit for which the average lifetime risk is within the range of lO^to 10"* (for carcinogens) or for
which the cumulative hazard index is less than one (for non-carcinogens).

Twenty existing monitoring wells at the site would be used to conduct an annual long-term
groundwater monitoring program which would track contaminant migration/plume containment in
the aquifer for at least 30 years All samples would be analyzed for TCL organics and TAL
inorganics. In addition, for option GW-2B, two samples would be collected from Stream 1A (one
upstream and one downstream) twice a year. The stream samples would be analyzed for TCL
organics, TAL inorganics, and conventional water parameters (such as BOD, COD, TDS, TSS, etc.).
An alternate water supply source for drinking and showering already exists at the site, so developing
a new one is not necessary.

Evaluation:

Effectiveness: This alternative would be effective in reducing the toxicity, mobility and
volume of contaminants because groundwater would be treated to meet Federal and State
ARARs It is estimated that many of the remediation goals would be attained over a long
period of time. However, as stated earlier, the water quality in the fractured bedrock aquifer
is not expected to be restored to below MCLs or background levels for at least several
decades.

Volatile organic compounds that are emitted from the air stripper are destroyed using
catalytic oxidation followed by acid gas scrubbing to cool and neutralize the inorganic acids
formed during the oxidation process. These air pollution controls are very effective in
meeting Federal and State ARARs. The biotreatment process converts organics to primarily
carbon dioxide, water and excess biomass. The effluent from biotreatment clarifier is passed
through a mixed media pressure filter to remove any solids that would affect the performance
of the activated carbon beds. Liquid phase activated carbon polishing of the partially treated
water for the removal of semi-volatile organics requires offsite regeneration or disposal of the
spent carbon Sludge from the biotreatment and backwashing of the pressure filters and
activated carbon beds will require off-site disposal as a hazardous or non-hazardous waste
depending on analytical testing. For option GW-2A, the three step treatment train of air
stripping, filtration and carbon adsorption is effective in meeting the requirements of the
MCUA permit for destroying toxic volatile organics. For option GW-2B, current knowledge
based on the pre-design treatability studies conducted by McLaren Hart, indicates that all of
the NJPDES-DSW permit conditions are not satisfied by the potential effluent that would be
generated by the four step treatment train that includes air stripping, aerobic mixed growth
biotreatment, filtration and activated carbon adsorption. Additional polishing steps may be
required or waivers may need to be granted. Further study using groundwater leaving the full
scale air strippers may show different results from the treatability study which was based on
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non-pumping conditions All of the treatment technologies considered are reliable
technologies.

The preliminary groundwater modeling performed by CDM Federal shows that extraction
well C-l appears to capture a majority of the contaminated groundwater from above the gray
marker shale except for the northwest corner of the site. Between the gray shale and the deep
gray unit, well C-l captures less water and the size of the capture zone is reduced by ofFsite
pumping influences and an area to the north arid northwest remains uncaptured. Below the
deep gray unit, well C-l only captures a small portion of the groundwater at the southeastern
edge of the site and the majority of the groundwater beneath the site remains uncaptured.
The capture zone resulting from the pumping of well C-l will be further evaluated during the
remedial design.

Implementability: Air stripping, aerobic mixed growth biotreatment, pressure filtration and
carbon adsorption are well established technologies. All of them are readily available
commercially. The same is true for the emission control technologies of catalytic oxidation
and acid gas scrubbing. The interim remedy groundwater treatment plant has already been
built within the existing boundaries of the Chemsol site and has been in operation with
discharge to the MCUA POTW for the past two years. All of the construction for the Stream
1A discharge option has already been completed even though that mode of operation is
currently not in use. Although option GW-2A is currently permitted and being utilized, future
operating costs for MCUA discharge may increase significantly based on a projected
increasing scale of discharge fees. The groundwater extraction system and the treated water
discharge system including extraction well C-l, the raw water influent and treated water
effluent piping has already been installed. The future installation of a buried influent pipe can
be expected to require a modest amount of administrative effort in obtaining the necessary
approvals and coordination with EPA, NJDEP and local engineering and public works
departments. An estimated 645-foot pipeline to the treatment plant from well C-l would
have to be installed on presently remote and unused portions of the Chemsol Lot IB property.

• Cost: The capital costs of the options for this alternative are estimated to be $45,097 (both
Options A and B). The estimated annual operation and maintenance costs of the options
range from $452,738 (Option A) to $726,336 (Option B) (for 30 years). The present worth
of these options, calculated at a discount rate of 5%, is $7,000,300 (Option A) and
$11,209,000 (Option B), respectively. These costs are summarized in Table 3-1. Option B
involving discharge to Stream 1A is estimated to have higher operation and maintenance
costs, due to the higher cost of adding the biotreatment step to the treatment train.

Conclusion:

This alternative (both options) will be retained for detailed analysis because it is capable of meeting
some of the remediation goals for the Chemsol site and with minor exceptions, it represents current
conditions. This will allow a good comparison to be made with other remediation schemes. Although
Option B is more expensive at present, it has the advantage of not requiring permission from MCUA
to continue operation. The treatment alternative as described above is a somewhat effective method
of preventing plume migration and unnecessary exposure to contaminants. This is especially true
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since the dominant risk is due to certain types of future exposure scenarios only and municipal water
service is available.

3.2.1.3 Alternative GW-3: Extract Groundwater from Wells C-l. TW-8 and DMW-9 -
Use Existing Treatment Processes: Air Stripping / Aerobic Mixed Growth
Biotreatment / Filtration /Activated Carbon Adsorption

Description:

The major features of this remedial alternative include: groundwater extraction (pumping and
collection) from the Chemsol plume as depicted in Figures 12, 13 and 14 of Appendix A;
groundwater treatment to MCLs or natural background, or surface water quality standards, as
appropriate; discharge of the treated water; and a performance monitoring program.

Groundwater would be extracted at an average rate of 40 gpm from the plume using extraction wells
C-l, TW-8 and DMW-9 As stated in Appendix A, well C-l would be pumped at 20 gpm and wells
TW-8 and DMW-9 would be pumped at 10 gpm each, and groundwater would be extracted from
portions of the fractured bedrock aquifer both above and below the gray marker shale. The addition
of wells TW-8 and DMW-9 to the extraction system would allow capture of contaminated
groundwater from offsite areas within approximately 500 feet of the northern and southern property
boundaries This is expected to continue for at least several decades or until the contaminant mass
is reduced such that contaminant concentrations show no significant change even after extraction is
stopped for an extended period. The discharge options for treated water, as described in section
3.1.3.1, are: discharge to the MCUA POTW and discharge to Stream 1A. For discharge to the
MCUA POTW option (GW-3 A), treatment of the extracted groundwater would consist of air
stripping to remove volatile organics followed by pressure filtration pretreatment before polishing
with activated carbon to remove semi-volatile organics. For the Stream 1A discharge option (GW-
3B), the groundwater would be required to undergo aerobic mixed growth biotreatment immediately
following air stripping and then be followed by pressure filtration and activated carbon adsorption.

The locations of the treatment plant, extraction wells, and effluent discharge pipe are shown in Figure
1-6. A schematic diagram of the treatment process is shown in Figure 2-1. Under this alternative, the
existing influent pipe from well C-l would have to be replaced with one that is buried after
implementation of the source control (soil) remedy so that a large portion of the site could be
restored to beneficial use. Additional buried piping would have to be installed to connect wells TW-8
and DMW-9 to the main influent pipe Contaminated groundwater would be treated to action levels
defined by the Federal and State MCLs for public drinking water supplies or natural background, or
Federal and State Surface Water Quality Standards, as appropriate. In cases where MCLs or surface
water quality standards have not been promulgated, the cleanup level would be defined as the upper
contaminant limit for which the average lifetime risk is within the range of 10"4 to 10* (for
carcinogens) or for which the cumulative hazard index is less than one (for non-carcinogens).

Twenty existing monitoring wells at the site would be used to conduct an annual long-term
groundwater monitoring program which would track contaminant migration/plume containment in
the aquifer for at least 30 years All samples would be analyzed for TCL organics and TAL
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inorganics. In addition, for option GW-3B, two samples would be collected from Stream 1A (one
upstream and one downstream) twice a year. The stream samples would be analyzed for TCL
organics, TAL inorganics, and conventional water parameters (such as BOD, COD, TDS, TSS, etc.).
An alternate water supply source for drinking and showering already exists at the site, so developing
a new one is not necessary.

Evaluation:

• Effectiveness: This alternative would be effective in reducing the toxicity, mobility and
volume of contaminants because groundwater would be treated to meet Federal and State
ARARs. It is estimated that many of the remediation goals would be attained over a long
period of time. Also, portions of the contamination plume that extend beyond the northern
and southern property boundaries would be captured. However, as stated earlier, the water
quality in the fractured bedrock aquifer is not expected to be restored to below MCLs or
background levels for at least several decades.

Volatile organic compounds that are emitted from the air stripper are destroyed using
catalytic oxidation followed by acid gas scrubbing to cool and neutralize the inorganic acids
formed during the oxidation process. These air pollution controls are very effective in
meeting Federal and State ARARs. The biotreatment process converts organics to primarily
carbon dioxide, water and excess biomass. The effluent from biotreatment clarifier is passed
through a mixed media pressure filter to remove any solids that would affect the performance
of the activated carbon beds. Liquid phase activated carbon polishing of the partially treated
water for the removal of semi-volatile organics requires offsite regeneration or disposal of the
spent carbon. Sludge from the biotreatment and backwashing of the pressure filters and
activated carbon beds will require off-site disposal as a hazardous or non-hazardous waste
depending on analytical testing. For option GW-3A, the three step treatment train of air
stripping, filtration and carbon adsorption is effective in meeting the requirements of the
MCUA permit for destroying toxic volatile organics. For option GW-3B, current knowledge
based on the pre-design treatability studies conducted by McLaren Hart, indicates that all of
the NJPDES-DSW permit conditions are not satisfied by the potential effluent that would be
generated by the four step treatment train that includes air stripping, aerobic mixed growth
biotreatment, filtration and activated carbon adsorption. Additional polishing steps may be
required or waivers may need to be granted. Further study using groundwater leaving the full
scale air strippers may show different results from the treatability study which was based on
non-pumping conditions All of the treatment technologies considered are reliable
technologies.

The preliminary groundwater modeling performed by CDM Federal shows that extraction
wells C-l, TW-8 and DMW-9 appear to capture a majority of the contaminated groundwater
from above the gray marker shale (including offsite areas) except for the northwest corner of
the site Between the gray shale and the deep gray unit, well DMW-9 appears to exert a
significant influence in moving the capture zone further north. Extraction from well TW-8
reduces the interference from offsite pumping influences on the capture zone for onsite wells.
However, a relatively large portion of groundwater in the northwest corner remains
uncaptured Below the deep gray unit, the addition of wells TW-8 and DMW-9 moves the
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capture zone for well C-l further north. A significant portion of the groundwater beneath the
site in this^one remains uncaptured. These projected capture zones will have to be further
evaluated during the remedial design stage

• Implementability: Air stripping, aerobic mixed growth biotreatment, pressure filtration and
carbon adsorption are well established technologies. All of them are readily available
commercially. The same is true for the emission control technologies of catalytic oxidation
and acid gas scrubbing. The interim remedy groundwater treatment plant has already been
built within the existing boundaries of the Chemsol site and has been in operation with
discharge to the MCUA POTW for the past two years. All of the construction for the Stream
1A discharge option has already been completed even though that mode of operation is
currently not in use. The 40 gpm groundwater extraction rate is well within the capacity of
the treatment plant as designed. Although the POTW discharge option is currently permitted
and being utilized (although at a lower flow rate), future operating costs for MCUA discharge
may increase significantly based on a projected increasing scale of discharge fees and the
higher flow rate. The new expanded groundwater extraction system would have to be
installed in trenches dug after completion of the source control (soil) remedy. The treated
water effluent piping has already been installed. The future installation of a buried influent
pipe can be expected to require a modest amount of administrative effort in obtaining the
necessary approvals and coordination with EPA, NJDEP and local engineering and public
works departments. An estimated 1980-foot pipeline network to the treatment plant from
wells C-l, TW-8 and DMW-9 would have to be installed on presently remote and unused
portions of the Chemsol Lot 1A and Lot IB property. A portion of this buried pipeline may
have to cross areas designated as wetlands.

• Cost: The capital costs of the options for this alternative are estimated to be $291,171 (both
Options A and B). The estimated annual operation and maintenance costs of the options
range from $560,125 (Option A) to $741,336 (Option B) (for 30 years). The present worth
of these options, calculated at a discount rate of 5%, is $8,899,000 (Option A) and
$11,686,000 (Option B), respectively. These costs are summarized in Table 3-1. Option B
involving discharge to Stream 1A is estimated to have higher operation and maintenance
costs, due to the higher cost of adding the biotreatment step to the treatment train.

Conclusion

This alternative (both options) will not be retained for detailed analysis because although it is capable
of meeting some of the the remediation goals for the Chemsol site it does not sufficiently prevent
plume migration in all three depth zones Although it does capture portions of the offsite plume in
the zone above the gray marker shale, it is more expensive when compared with alternative GW-2
(especially option A).
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3.2.1.4 Alternative GW-4: Extract Groundwater from Wells C-l. C-2. TW-8 and
DMW-9 - Use Existing Treatment Processes Air Stripping / Aerobic Mixed
Growth Biotreatment / Filtration /Activated Carbon Adsorption

Description:

The major features of this remedial alternative include: groundwater extraction (pumping and
collection) from the Chemsol plume as depicted in Figures 16, 17 and 18 of Appendix A;
groundwater treatment to MCLs or natural background, or surface water quality standards, as
appropriate; discharge of the treated water; and a performance monitoring program.

Groundwater would be extracted at an average rate of 45 gpm from the plume using extraction wells
C-l, C-2, TW-8 and DMW-9 As stated in Appendix A, well C-l would be pumped at 20 gpm, well
C-2 would be pumped at 5 gpm and wells TW-8 and DMW-9 would be pumped at 10 gpm each, and
groundwater would be extracted from portions of the fractured bedrock aquifer both above and
below the gray marker shale The addition of wells TW-8 and DMW-9 to the extraction system
would allow capture of contaminated groundwater from offsite areas within approximately 500 feet
of the northern and southern property boundaries. The addition of well C-2 to the extraction system
results in extending the capture zone described under Alternative GW-3 further to the north and
northwest This is expected to continue for at least several decades or until the contaminant mass is
reduced such that contaminant concentrations show no significant change even after extraction is
stopped for an extended period. The discharge options for treated water, as described in section
3.1.3.1, are: discharge to the MCUA POTW and discharge to Stream 1A. For discharge to the
MCUA POTW option (GW-4A), treatment of the extracted groundwater would consist of air
stripping to remove volatile organics followed by pressure filtration pretreatment before polishing
with activated carbon to remove semi-volatile organics. For the Stream 1A discharge option (GW-
4B), the groundwater would be required to undergo aerobic mixed growth biotreatment immediately
following air stripping and then be followed by pressure filtration and activated carbon adsorption.

The locations of the treatment plant, extraction wells, and effluent discharge pipe are shown in Figure
1-6. A schematic diagram of the treatment process is shown in Figure 2-1. Under this alternative, the
existing influent pipe from well C-l would have to be replaced with one that is buried after
implementation of the source control (soil) remedy so that a large portion of the site could be
restored to beneficial use Additional buried piping would have to be installed to connect wells C-2,
TW-8 and DMW-9 to the main influent pipe Contaminated groundwater would be treated to action
levels defined by the Federal and State MCLs for public drinking water supplies or natural
background, or Federal and State Surface Water Quality Standards, as appropriate. In cases where
MCLs or surface water quality standards have not been promulgated, the cleanup level would be
defined as the upper contaminant limit for which the average lifetime risk is within the range of 10"*
to 10'6 (for carcinogens) or for which the cumulative hazard index is less than one (for non-
carcinogens).

Twenty existing monitoring wells at the site would be used to conduct an annual long-term
groundwater monitoring program which would track contaminant migration/plume containment in
the aquifer for at least 30 years All samples would be analyzed for TCL organics and TAL
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inorganics. In addition, for option GW-4B, two samples would be collected from Stream 1A (one
upstream and one downstream) twice a year. The stream samples would be analyzed for TCL
organics, TAL inorganics, and conventional water parameters (such as BOD, COD, TDS, TSS, etc.).
An alternate water supply source for drinking and showering already exists at the site, so developing
a new one is not necessary.

Evaluation:

• Effectiveness: This alternative would be effective in reducing the toxicity, mobility and
volume of contaminants because groundwater would be treated to meet Federal and State
ARARs It is estimated that many of the remediation goals would be attained over a long
period of time. Also, portions of the contamination plume that extend beyond the northern
and southern property boundaries would be captured. However, as stated earlier, the water
quality in the fractured bedrock aquifer is not expected to be restored to below MCLs or
background levels for at least several decades.

Volatile organic compounds that are emitted from the air stripper are destroyed using
catalytic oxidation followed by acid gas scrubbing to cool and neutralize the inorganic acids
formed during the oxidation process. These air pollution controls are very effective in
meeting Federal and State ARARs. The biotreatment process converts organics to primarily
carbon dioxide, water and excess biomass. The effluent from biotreatment clarifier is passed
through a mixed media pressure filter to remove any solids that would affect the performance
of the activated carbon beds. Liquid phase activated carbon polishing of the partially treated
water for the removal of semi-volatile organics requires offsite regeneration or disposal of
the spent carbon. Sludge from the biotreatment and backwashing of the pressure filters and
activated carbon beds will require off-site disposal as a hazardous or non-hazardous waste
depending on analytical testing. For option GW-4A, the three step treatment train of air
stripping, filtration and carbon adsorption is effective in meeting the requirements of the
MCUA permit for destroying toxic volatile organics. For option GW-4B, current knowledge
based on the pre-design treatability studies conducted by McLaren Hart, indicates that all of
the NJPDES-DSW permit conditions are not satisfied by the potential effluent that would
be generated by the four step treatment train that includes air stripping, aerobic mixed
growth biotreatment, filtration and activated carbon adsorption. Additional polishing steps
may be required or waivers may need to be granted. Further study using groundwater
leaving the full scale air strippers may show different results from the treatability study which
was based on non-pumping conditions All of the treatment technologies considered are
reliable technologies.

The preliminary groundwater modeling performed by CDM Federal shows that extraction
wells C-l, C-2, TW-8 and DMW-9 appear to capture a majority of the contaminated
groundwater from above the gray marker shale (including offsite areas) except for a very
small portion of the northwest corner of the site. Between the gray shale and the deep gray
unit, well DMW-9 appears to exert a significant influence in moving the capture zone further
north. Extraction from well TW-8 reduces the interference from offsite pumping influences
on the capture zone for onsite wells. The addition of well C-2 moves the capture zone
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further to the northwest so that a much smaller portion of groundwater in the northwest
corner remains uncaptured. Below the deep gray unit, the addition of well C-2 has a
significant impact as compared to Alternative GW-3 because it moves the capture zone
further north to the point that only a small portion of the groundwater in the northwest
corner in this zone remains uncaptured. These projected capture zones will have to be
investigated further during the remedial design stage.

• Implementability: Air stripping, aerobic mixed growth biotreatment, pressure filtration and
carbon adsorption are well established technologies. All of them are readily available
commercially. The same is true for the emission control technologies of catalytic oxidation
and acid gas scrubbing. The interim remedy groundwater treatment plant has already been
built within the existing boundaries of the Chemsol site and has been in operation with
discharge to the MCUA POTW for the past two years. All of the construction for the
Stream 1A discharge option has already been completed even though that mode of operation
is currently not in use. The 45 gpm groundwater extraction rate is well within the capacity
of the treatment plant as designed. Although the POTW discharge option is currently
permitted and being utilized (although at a lower flow rate), future operating costs for
MCUA discharge may increase significantly based on a projected increasing scale of
discharge fees and the higher flow rate. The new expanded groundwater extraction system
would have to be installed in trenches dug after completion of the source control (soil)
remedy. The treated water effluent piping has already been installed. The future installation
of a buried influent pipe can be expected to require a modest amount of administrative effort
in obtaining the necessary approvals and coordination with EPA, NJDEP and local
engineering and public works departments. An estimated 1980-foot pipeline network to the
treatment plant from wells C-l, C-2, TW-8 and DMW-9 would have to be installed on
presently remote and unused portions of the Chemsol Lot 1A and Lot IB property. A
portion of this buried pipeline may have to cross areas designated as wetlands.

• Cost: The capital costs of the options for this alternative are estimated to be $321,563 (both
Options A and B) The estimated annual operation and maintenance costs of the options
range from $597,294 (Option A) to $749,336 (Option B) (for 30 years). The present worth
of these options, calculated at a discount rate of 5%, is $9,500,000 (Option A) and
$11,839,000 (Option B), respectively These costs are summarized in Table 3-1. Option B
involving discharge to Stream 1A is estimated to have higher operation and maintenance
costs, due to the higher cost of adding the biotreatment step to the treatment train.

Conclusion:

This alternative (both options) will not be retained for detailed analysis because although it is capable
of meeting some of the the remediation goals for the Chemsol site it does not sufficiently prevent
plume migration in all three depth zones. Although it does capture portions of the offsite plume in
the zone above the gray marker shale, and generally provides better capture than alternative GW-3,
it is considerably more expensive when compared with alternative GW-2 (especially option A).
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3.2.1.5 Alternative GW-5: Extract Groundwater from Wells C-l. C-2. TW-4. TW-5.
TW-8 and DM\V-9 - Use Existing Treatment Processes Air Stripping / Aerobic
Mixed Growth Biotreatment / Filtration / Activated Carbon Adsorption

Description:

The major features of this remedial alternative include: groundwater extraction (pumping and
collection) from the Chemsol plume as depicted in Figures 28, 29 and 30 of Appendix A;
groundwater treatment to MCLs or natural background, or surface water quality standards, as
appropriate; discharge of the treated water; and a performance monitoring program.

Groundwater would be extracted at an average rate of 55 gpm from the plume using extraction wells
C-l, C-2, TW-4, TW-5, TW-8 and DMW-9. As stated in Appendix A, well C-l would be pumped
at 20 gpm, wells C-2, TW-4 and TW-5 would be pumped at 5 gpm each, wells TW-8 and DMW-9
would be pumped at 10 gpm each, and groundwater would be extracted from portions of the
fractured bedrock aquifer both above and below the gray marker shale. The addition of wells TW-8
and DMW-9 to the extraction system would allow capture of contaminated groundwater from offsite
areas within approximately 500 feet of the northern and southern property boundaries. The addition
of wells C-2, TW-4 and TW-5 to the extraction system results in extending the capture zone
described under Alternative GW-4 further to the north and northwest in all three depth zones. This
is expected to continue for at least several decades or until the contaminant mass is reduced such that
contaminant concentrations show no significant change even after extraction is stopped for an
extended period. The discharge options for treated water, as described in section 3.1.3.1, are:
discharge to the MCUA POTW and discharge to Stream 1 A. For discharge to the MCUA POTW
option (GW-5 A), treatment of the extracted groundwater would consist of air stripping to remove
volatile organics followed by pressure filtration pretreatment before polishing with activated carbon
to remove semi-volatile organics. For the Stream 1A discharge option (GW-5B), the groundwater
would be required to undergo aerobic mixed growth biotreatment immediately following air stripping
and then be followed by pressure filtration and activated carbon adsorption.

The locations of the treatment plant, extraction wells, and effluent discharge pipe are shown in Figure
1-6. A schematic diagram of the treatment process is shown in Figure 2-1. Under this alternative, the
existing influent pipe from well C-l would have to be replaced with one that is buried after
implementation of the source control (soil) remedy so that a large portion of the site could be
restored to beneficial use. Additional buried piping would have to be installed to connect wells C-2,
TW-4, TW-5, TW-8 and DMW-9 to the main influent pipe. Contaminated groundwater would be
treated to action levels defined by the Federal and State MCLs for public drinking water supplies or
natural background, or Federal and State Surface Water Quality Standards, as appropriate. In cases
where MCLs or surface water quality standards have not been promulgated, the cleanup level would
be defined as the upper contaminant limit for which the average lifetime risk is within the range of 10"*
to 10"6 (for carcinogens) or for which the cumulative hazard index is less than one (for non-
carcinogens).

Twenty existing monitoring wells at the site would be used to conduct an annual long-term
groundwater monitoring program which would track contaminant migration/plume containment in
the aquifer for at least 30 years All samples would be analyzed for TCL organics and TAL
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inorganics. In addition, for option GW-5B, two samples would be collected from Stream 1A (one
upstream and one downstream) twice a year. The stream samples would be analyzed for TCL
organics, TAL inorganics, and conventional water parameters (such as BOD, COD, TDS, TSS, etc.).
An alternate water supply source for drinking and showering already exists at the site, so developing
a new one is not necessary.

Evaluation:

• Effectiveness: This alternative would be effective in reducing the toxicity, mobility and
volume of contaminants because groundwater would be treated to meet Federal and State
ARARs. It is estimated that most of the remediation goals would be attained over a long
period of time. Also, portions of the contamination plume that extend beyond the northern
and southern property boundaries would be captured. However, as stated earlier, the water
quality in the fractured bedrock aquifer is not expected to be restored to below MCLs or
background levels for at least several decades.

Volatile organic compounds that are emitted from the air stripper are destroyed using
catalytic oxidation followed by acid gas scrubbing to cool and neutralize the inorganic acids
formed during the oxidation process These air pollution controls are very effective in
meeting Federal and State ARARs. The biotreatment process converts organics to primarily
carbon dioxide, water and excess biomass. The effluent from biotreatment clarifier is passed
through a mixed media pressure filter to remove any solids that would affect the performance
of the activated carbon beds. Liquid phase activated carbon polishing of the partially treated
water for the removal of semi-volatile organics requires offsite regeneration or disposal of
the spent carbon. Sludge from the biotreatment and backwashing of the pressure filters and
activated carbon beds will require off-site disposal as a hazardous or non-hazardous waste
depending on analytical testing. For option GW-5A, the three step treatment train of air
stripping, filtration and carbon adsorption is effective in meeting the requirements of the
MCUA permit for destroying toxic volatile organics. For option GW-5B, current knowledge
based on the pre-design treatability studies conducted by McLaren Hart, indicates that all of
the NJPDES-DSW permit conditions are not satisfied by the potential effluent that would
be generated by the four step treatment train that includes air stripping, aerobic mixed
growth biotreatment, filtration and activated carbon adsorption. Additional polishing steps
may be required or waivers may need to be granted. Further study using groundwater
leaving the full scale air strippers may show different results from the treatability study which
was based on non-pumping conditions. All of the treatment technologies considered are
reliable technologies.

The preliminary groundwater modeling performed by CDM Federal shows that extraction
wells C-l, C-2, TW-4, TW-5, TW-8 and DMW-9 appear to capture all of the contaminated
groundwater from above the gray marker shale (including offsite areas). Between the gray
shale and the deep gray unit, these wells appear to capture almost all of the water in this
zone except for a very small portion of groundwater in the northwest corner that remains
uncaptured. Below the deep gray unit, the capture zone is similar to the one in between the
gray shale marker and the deep gray unit. This small portion is not expected to be
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contaminated. These projected capture zones will have to be investigated further during the
remedial design stage.

• Implementability: Air stripping, aerobic mixed growth biotreatment, pressure filtration and
carbon adsorption are well established technologies. All of them are readily available
commercially. The same is true for the emission control technologies of catalytic oxidation
and acid gas scrubbing. The interim remedy groundwater treatment plant has already been
built within the existing boundaries of the Chemsol site and has been in operation with
discharge to the MCUA POTW for the past two years. All of the construction for the
Stream 1A discharge option has already been completed even though that mode of operation
is currently not in use. The 55 gpm groundwater extraction rate is just slightly more than
the capacity of the treatment plant (50 gpm nominal rate) as designed. Although the POTW
discharge option is currently permitted and being utilized (although at a lower flow rate),
future operating costs for MCUA discharge may increase significantly based on a projected
increasing scale of discharge fees and the higher flow rate. The new expanded groundwater
extraction system would have to be installed in trenches dug after completion of the source
control (soil) remedy The treated water effluent piping has already been installed. The
future installation of a buried influent pipe can be expected to require a modest amount of
administrative effort in obtaining the necessary approvals and coordination with EPA,
NJDEP and local engineering and public works departments. An estimated 2085-foot
pipeline network to the treatment plant from wells C-l, C-2, TW-4, TW-5, TW-8 and
DMW-9 would have to be installed on presently remote and unused portions of the Chemsol
Lot 1A and Lot IB property. A portion of this buried pipeline may have to cross areas
designated as wetlands.

• Cost: The capital costs of the options for this alternative are estimated to be $390,189 (both
Options A and B) The estimated annual operation and maintenance costs of the options
range from $670,892 (Option A) to $766,336 (Option B) (for 30 years). The present worth
of these options, calculated at a discount rate of 5%, is $10,699,000 (Option A) and
$12,169,000 (Option B), respectively. These costs are summarized in Table 3-1. Option B
involving discharge to Stream 1A is estimated to have higher operation and maintenance
costs, due to the higher cost of adding the biotreatment step to the treatment train.

Conclusion:

This alternative (both options) will be retained for detailed analysis because it is capable of meeting
all of the the remediation goals for the Chemsol site. Although Option B is more expensive at
present, it has the advantage of not requiring permission from MCUA to continue operation. The
treatment alternative as described above is a very effective method of preventing plume migration (as
compared with alternatives GW-2, GW-3 and GW-4) in all three depth zones and prevents
unnecessary exposure to contaminants This is especially true since the dominant risk is due to certain
types of future exposure scenarios only and an alternate water supply already exists for local
residents, industries and commercial establishments near the Chemsol site.
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3.2.2 REMEDIAL ALTERNATIVES FOR SOIL CONTAMINATED WITH PCBs AND
LEAD (S)

Source control alternatives developed for the Chemsol site will be implemented before groundwater
remediation. Source control alternatives have been developed for the surface soils (mainly within Lot
IB) that are contaminated primarily with PCBs and lead above cleanup action levels. It should be
noted that almost all of the other inorganic and volatile and semivolatile organic contamination at the
site is also included within the area and volume of soil contamination defined in Section 2.4.2. for
PCBs and lead. With the exception of Alternative S-l - No Action, and Alternative S-2 -Capping,
all source control remedial alternatives include treatment and/or disposal. Alternative S-3 involves
excavation and offsite disposal. The remaining three treatment/disposal alternatives differ in the
technology that is used to treat PCBs (Low Temperature Thermal Desorption for Alternative S-4,
Solvent Extraction for Alternative S-5, and Base Catalyzed Decomposition for Alternative S-6) and
with respect to the amount of soil that is to be treated onsite (including or excluding lead
contaminated soils from treatment).

3.2.2.1 Alternative S-l: No Action

Description:

This alternative includes a single sampling event (consisting of representative samples of drummed
waste and stockpiled soils), transportation and offsite disposal of drummed waste and stockpiled soil,
and a review of site conditions at the end of five years to determine whether or not the contamination
in the vadose zone soils has spread both horizontally and vertically. If necessary, appropriate action
would be considered at that time As stated earlier, the no action alternative is required by the NCP
to serve as a basis for comparison with other alternatives. These drummed wastes were collected and
staged onsite during the various investigations performed by Malcolm Pirnie and COM Federal for
EPA and by McLaren Hart for a group of potentially responsible parties. The soils that are stockpiled
north of the interim groundwater remedy treatment plant are from various construction activities
performed by McLaren Hart: soils and concrete debris from excavation of the former westernmost
foundation slab, from the walls and bottom of the pit that was created during the removal of the
former UST, and from grading of the soils during the construction of the decontamination pad and
the paved area in front of the treatment plant building. A total of 368 drums containing well cuttings,
Baker tank sediment, personal protective equipment, plastic sheeting, hose and tubing, and
miscellaneous solid waste are stored at the site. Approximately 1,450 cubic yards of covered
stockpiled soils are also present It is estimated that ten samples each will be collected from the
stockpile and from the drummed wastes. All samples would be analyzed for RCRA characteristics
of ignitability, corrosivity and reactivity and TCLP parameters.

Evaluation:

• Effectiveness: This alternative relies on natural attenuation and flushing processes to achieve
reduction in toxicity of contaminants and is ineffective in meeting the remediation goals. The
contamination from the vadose zone soils would continue leaching into the groundwater and
volatilizing into the ambient air. Emergency measures may have to be undertaken in the
event a future risk arises, because this alternative does not reduce long-term risks.

3-20

400181



Implementability: No Action is readily implemented. Only the activities described above must
be conducted.

• Cost: The capital cost associated with this alternative is for the sampling and disposal of the
stockpiled soil and the investigation derived drummed wastes and is $388,660. The annual
operation and maintenance costs for this alternative (monitoring and one five-year review)
have been included under the no action groundwater alternative and so they were not
included here to avoid duplication of costs. The present worth, calculated at a discount rate
of 5%, is $388,660.

Conclusion:

The No Action alternative does not reduce the toxicity, mobility, or volume of the contamination. The
dominant risk is posed by the presence of contaminated vadose zone surface soils which continue to
pose a direct contact risk and threaten the potential future use of the groundwater for drinking and
showering. Municipal water is available for users in the area. The No Action alternative has been
retained for detailed analysis, in accordance with CERCLA and the NCP, to serve as a basis for
comparison with other remedial alternatives.

3.2.2.2 Alternative S-2: Capping

Description:

The major features of this alternative include a deed restriction pertaining to the use of groundwater
and the construction of a single layer soil or asphalt cap. This alternative also includes a single
sampling event (consisting of representative samples of drummed waste and stockpiled soils) and
transportation and offsite disposal of drummed waste and stockpiled soil that was described under
the No Action alternative. After the remedy is completed, a review of site conditions at the end of
every five years would be performed as required under the NCP for at least a thirty year period. This
is necessary because the contaminated soil would remain in place at the site indefinitely. Annual
maintenance of the cap would also have to be performed.

In addition to the deed restriction concerning the use of groundwater, this alternative would require
that no intrusive activities be performed on the capped area in order to ensure the integrity of the cap.
This feature allows for many residential type uses of the property, such as for recreational purposes
as a park or playground (Option A) or as a parking lot (Option B) among others. However,
unrestricted use would not be permitted This is consistent with the remedial action objectives
described earlier in Section 2.3. It is estimated that the capped area would cover approximately 12
acres of the Chemsol property and would include almost all of Lot IB east of the groundwater
treatment plant fence plus an adjacent small portion of Lot 1 A. Under Option A, a single layer soil
cap consisting of 12 inches of clean fill and 6 inches of topsoil would be used to cover the
contaminated surface soil. The topsoil would be seeded to prevent erosion. Under Option B, the
contaminated soil would be covered with a 9 inch thick layer of pavement base material followed by
2 inch layer of asphalt Both the options would require clearing and grubbing of the shrubs and
vegetation and rough grading before the installation of the cover materials and the performance of
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annual maintenance for at least thirty years.

Evaluation:

• Effectiveness: The capping alternative would prevent direct contact with contaminated
surface soils and thus protect against future human health and environmental risks.
However, there would be no reduction in the volume or toxicity of the mass of contaminants.
In the case of the soil cap, there would not be any appreciable reduction in the mobility of
the contaminants because the soil cap would permit infiltration of precipitation into the
contaminated soil. Therefore, volatile and semivolatile organics and some inorganics present
in the vadose zone surface soils could eventually be flushed into the groundwater in
accordance with the remedial action objectives. However, PCBs are expected to remain
tightly bound to the soil particles. For the asphalt cap, infiltration of precipitation would be
considerably reduced and considerable amount of surface water runoff would be generated
during storm events.

• Implementability: Capping can be readily implemented because it is both technically and
administratively feasible. Both options will require that regular maintenance be performed
to preserve the integrity of the cap in order to continue the protection from the potential
threat of direct contact. Permit equivalents from the Corps of Engineers, State and local
entities may be required because some construction may have to be performed in areas
designated as wetlands.

• Cost: The capital costs of the options for this alternative are estimated to be $1,855,850
(Option A) and $2,650,481 (Option B) respectively. The annual operation and maintenance
costs for this alternative are estimated at $2,000 (Option A) and $175,000 (Option B) (for
30 years), respectively The present worth of these options, calculated at a discount rate of
5%, is $1,894,000 (Option A) and $6,013,000 (Option B), respectively.

Conclusion:

Capping using a single layer soil cap (Option A) will be retained for the purposes of detailed
evaluation in Section 4.0 because it meets most of the remedial action objectives and has a
considerably lower cost over the estimated 30 year life of the alternative. The asphalt cap option is
more expensive and does not permit flushing of vadose zone contaminants into the groundwater.
Hence, Option B will not be retained for detailed evaluation. Thus, as required by SARA, a range
of alternatives (including one providing containment) will be preserved for detailed evaluation.

3.2.2.3 Alternative S-3: Excavation and OfTsite Disposal

Description:

The major features of this remedial alternative include excavation of all the surface soil contaminated
with PCBs and lead, transport and disposal at a licensed and approved non-TSCA disposal facility,
backfilling the excavated area with imported clean fill from an offsite location, and covering the fill
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with topsoil and seeding the remediated area.

This alternative also includes a single sampling event (consisting of representative samples of
drummed waste and stockpiled soils) and transportation and offsite disposal of drummed waste and
stockpiled soil that was described under the No Action alternative. Under this alternative, 18,500
cubic yards of contaminated surface soil (upto a depth of two feet below grade) would be excavated
using conventional earthmoving equipment. The excavated area (approximately 5.73 acres) would
be backfilled using imported clean common fill from an offsite location and compacted to a depth of
18 inches. This would be followed by a 6 inch cover of topsoil which would then be seeded to
prevent erosion. It is estimated that approximately 225 samples of the excavated material would be
required to comply with NJDEP waste classification requirements. These samples would be analyzed
for PCBs and lead. Previous sampling during the remedial investigation has shown these soils to be
non-hazardous for toxicity characteristics based on TCLP tests.

Evaluation:

Effectiveness: The surface soil contaminated with PCBs and lead (along with other
inorganics, volatile and semivolatile organics) can be successfully removed permanently by
this alternative from the vadose zone at the Chemsol site. This alternative is effective in
reducing the toxicity, mobility and volume of the contaminants. Excavation and backfilling
are commonly used reliable technologies. There is a short term risk of exposure of the
contaminated materials to the site workers performing the work which can be prevented by
following OSHA approved health and safety practices. There is also a potential risk of
exposure for the surrounding community if an accident were to occur during transportation
to the approved disposal facility. These risks can be minimized by following all DOT
requirements and following safe work practices.

Implementability: Soil excavation and offsite disposal can be readily implemented because
it is both technically and administratively feasible. All of the equipment and materials
required to perform the work are readily available. Because this activity involves removal
of contaminated media from a Superfund site, prior approvals will have to be obtained from
EPA and NJDEP. Also, verification of the current approved status of the disposal facility
that will be receiving the material would have to be performed. State and local construction
permit equivalents will have to be obtained. All of these activities may be expected to
require a modest amount of administrative effort

• Cost: The capital costs for this alternative are estimated at $5,573,000. Since this is a one
time operation, there are no annual operation and maintenance costs. The present worth,
calculated at a discount rate of 5%, is $5,573,000.

Conclusion:

This alternative will be retained for detailed analysis because it is capable of meeting the remediation
objectives for the Chemsol site surface soils in a cost effective manner.
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3.2.2.4 Alternative S-4: Excavation and Onsite Low Temperature Thermal Desorption of
PCB contaminated soil with Onsite Solidification / Offsite Disposal of Lead
contaminated soil

Description:

The major features of this remedial alternative include excavation of all the surface soil contaminated
with PCBs and lead, onsite treatment of PCB contaminated soil with low temperature thermal
desorption (LTTD), onsite solidification/stabilization (Option A) or transport and ofFsite disposal at
a licensed and approved non-TSCA disposal facility (Option B) of lead contaminated soil, backfilling
the excavated area with treated soil and solidified mass, and covering the filled area with topsoil and
seeding the remediated area.

This alternative also includes a single sampling event (consisting of representative samples of
drummed waste) and transportation and ofFsite disposal of drummed waste that was described under
the No Action alternative. Before implementing this alternative, a treatability study would have to
be performed during the remedial design phase in order to develop and establish optimal operating
conditions for LTTD. These would be further refined during actual onsite operations as necessary.
Under this alternative, 18,500 cubic yards of contaminated soil would be excavated using
conventional earthmoving equipment. The PCB contaminated soil (17,303 cubic yards) would be
combined with 1450 cubic yards of the stockpiled soil and 46 cubic yards of well cuttings stored
onsite from the various investigations described earlier. These soils would undergo screening (to
separate any metallic debris, rocks and tree limbs) to prepare the feed material for onsite LTTD
treatment. LTTD would be performed onsite at the rate of 60 tons/hour for 24 hours/day for 6
days/week until all the contaminated soils are processed. The soils would be treated in a primary
treatment unit at temperatures of 500-1000 °F. The desorbed contaminants (primarily PCBs and
other organics) would be destroyed in a secondary treatment unit at temperatures ranging from 1400-
1800 °F. The portion of the soil that has both PCBs and lead (1,896 cubic yards) would be run
separately through the treatment system After LTTD treatment this portion of the PCB and organic
free soil (but still containing lead) would be combined with approximately 1,185 cubic yards of lead
contaminated soil. These 3,081 cubic yards would be mixed with an appropriate amount of the
solidification/stabilization agent (like portland cement or other proprietary material) onsite (Option
A) or undergo transport and offsite disposal at a licensed and approved non-TSCA disposal facility
(Option B). The excavated area (approximately 5.73 acres) would be backfilled using the treated
soils (for both options) and the solidified mass (for Option A only) and be compacted and rough
graded. This would be followed by a 6 inch cover of topsoil which would then be seeded to prevent
erosion. It is estimated that approximately 31 samples of the excavated material for ofFsite disposal
would be required to comply with NJDEP waste classification requirements. These samples would
be analyzed for lead and any other parameters required by the disposal facility. Previous sampling
during the remedial investigation has shown these soils to be non-hazardous for toxicity
characteristics based on TCLP tests Approximately 160 confirmatory samples would also be
collected from the perimeter of the excavated area to verify that all PCB and lead contaminated
surface soils have been properly excavated. During the operation of the LTTD unit, another 301
samples will be collected and analyzed for PCBs to ensure thorough and complete treatment to
cleanup standards before the material is backfilled.
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Evaluation:

• Effectiveness: This alternative would be effective in reducing the toxicity, mobility and
volume of contaminants because all of the contaminated vadose zone surface soils would be
totally excavated and treated (or disposed offsite for Option B) to meet the cleanup goals.
It is estimated that all of the remediation activities including excavation, treatment/disposal,
and backfilling would be completed over a six month period. Over a short term, potential
threats to human health and the environment associated with excavation and transportation
do exist and will have to be controlled.

Both LTTD and solidification/stabilization are reliable technologies. LTTD will require
proper emissions control of dusts and vapors. In addition, treatability studies will have to be
performed to determine site specific operating conditions. Option S-4B involves long-term
uncertainties associated with land disposal, because the contaminated soil remains indefinitely
at the disposal location In addition, these two options do satisfy the preference for treatment
and permanent solutions

• Implementability: Excavation, backfilling,solidification/stabilization and LTTD are well
established technologies. Solidification/stabilization and LTTD have been used successfully
at many Superfund sites. All the equipment and materials necessary are readily available
commercially The same is true for emissions control technologies for LTTD. While both
of the options are technically and administratively feasible, receiving regulatory approvals
from NJDEP (permit equivalent) for the potential air emissions from the LTTD unit may
prove to be more time-consuming than some of the other permits that are required from the
State and local officials during construction. It appears that both options for this alternative
can be readily implemented.

• Cost: The capital costs of the options for this alternative are estimated to be $11,963,000
(Option A) and $12,242,000 (Option B), respectively. There are no annual operation and
maintenance costs. The present worth of these options, calculated at a discount rate of 5%,
is $11,963,000 (Option A) and $12,242,000 (Option B), respectively. These costs are
summarized in Table 3-2. Option B is only slightly higher than Option A because the greatest
proportion of the costs are due to LTTD treatment of the PCB contaminated soil and the
quantity of the lead contaminated soil is relatively small. However, offsite disposal is more
expensive than onsite solidification/stabilization.

Conclusion:

This alternative (both options) will be retained for detailed analysis because it is capable of meeting
the remediation objectives for the Chemsol site. Even though Option B is slightly more expensive,
it has the advantage of not requiring a second treatment step for a relatively small quantity of lead
contaminated soil. This will allow for a greater flexibility during the design phase when more refined
and detailed costs will be available, if this alternative is selected as the preferred alternative.

3-25

400186



3.2.2.5 Alternative S-5: Excavation and Onsite Solvent Extraction of PCB contaminated soil
with Onsite Solidification / Offsite Disposal of Lead contaminated soil

Description:

The major features of this remedial alternative include excavation of all the surface soil contaminated
with PCBs and lead, onsite treatment of PCB contaminated soil with solvent extraction, onsite
solidification/stabilization (Option A) or transport and offsite disposal at a licensed and approved non-
TSCA disposal facility (Option B) of lead contaminated soil, backfilling the excavated area with
treated soil and solidified mass, and covering the filled area with topsoil and seeding the remediated
area.

This alternative also includes a single sampling event (consisting of representative samples of
drummed waste) and transportation and offsite disposal of drummed waste that was described under
the No Action alternative. Before implementing this alternative, a bench scale test would have to be
performed during the remedial design phase in order to develop and establish optimal operating
conditions for solvent extraction These would be further refined during actual onsite operations as
necessary. Under this alternative, 18,500 cubic yards of contaminated surface soil (upto a depth of
two feet below grade) would be excavated using conventional earthmoving equipment. The PCB
contaminated surface soil (17,303 cubic yards) would be combined with 1450 cubic yards of the
stockpiled soil and 46 cubic yards of well cuttings stored onsite from the various investigations
described earlier. These soils would undergo screening (to separate any metallic debris, rocks and
tree limbs) to prepare the feed material for onsite solvent extraction treatment. Solvent extraction
would be performed onsite at an approximate rate of 6.25 tons/hour for 24 hours/day for 6 days/week
until all the contaminated soils are processed. The soils would be treated using a commercially
available solvent extraction process (such as the B.E.S.T. process developed by Resources
Conservation Company which uses triethylamine as a solvent or the Carver-Greenfield process
developed and licensed by Dehydro-Tech Corporation which uses a kerosene-like solvent) to remove
the PCBs and other organics. The concentrated dissolved contaminants (primarily PCBs and other
organics) would have to be sent for offsite treatment/disposal (incineration). The solvent would be
recycled and reused as part of the process (except for small losses). The portion of the soil that has
both PCBs and lead (1,896 cubic yards) would be run separately through the treatment system. After
solvent extraction treatment this portion of the PCB and organic free soil (but still containing lead)
would be combined with approximately 1,185 cubic yards of lead contaminated soil. These 3,081
cubic yards would be mixed with an appropriate amount of the solidification/stabilization agent (like
Portland cement or other proprietary material) onsite (Option A) or undergo transport and offsite
disposal at a licensed and approved non-TSCA disposal facility (Option B). The excavated area
(approximately 5.73 acres) would be backfilled using the treated soils (for both options) and the
solidified mass (for Option A only) and be compacted and rough graded. This would be followed by
a 6 inch cover of topsoil which would then be seeded to prevent erosion. It is estimated that
approximately 31 samples of the excavated material for offsite disposal would be required to comply
with NJDEP waste classification requirements. These samples would be analyzed for lead and any
other parameters required by the disposal facility. Previous sampling during the remedial
investigation has shown these soils to be non-hazardous for the toxicity characteristic based on TCLP
tests. Approximately 160 confirmatory samples would also be collected from the perimeter of the
excavated area to verify that all PCB and lead contaminated surface soils have been properly
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excavated. During the operation of the solvent extraction unit, another 301 samples will be collected
and analyzed for PCBs to ensure thorough and complete treatment to cleanup standards and to ensure
that the residual solvent is thoroughly removed from the treated soil before the material is backfilled.

Evaluation:

• Effectiveness: This alternative would be effective in reducing the toxicity, mobility and
volume of contaminants because all of the contaminated vadose zone surface soils would be
totally excavated and treated (or disposed offsite for Option B) to meet the cleanup goals.
It is estimated that all of the remediation activities including excavation, treatment/disposal,
and backfilling would be completed over a six to eight month period. Over a short term,
potential threats to human health and the environment associated with excavation and
transportation do exist and will have to be controlled.

Both solvent extraction and solidification/stabilization are reliable technologies. Solvent
extraction will require a drying step to remove residual solvent from the treated soil. Also,
the concentrated dissolved contaminants (PCBs and other organics) will require offsite
treatment via incineration and the spent aqueous stream will require further processing in the
onsite water treatment plant or discharge to the MCUA POTW. In addition, treatability
studies will have to be performed during design to determine site specific operating
conditions. Option S-5B involves long-term uncertainties associated with land disposal,
because the contaminated soil remains indefinitely at the disposal location. In addition, these
two options do satisfy the preference for treatment and permanent solutions.

Implementability: Excavation, backfilling,solidification/stabilization and solvent extraction
are well established technologies. Solidification/stabilization and solvent extraction have been
demonstrated via EPA's Superfund Innovative Technology Evaluation (SITE) program and
they have used successfully at several Superfund sites. All the equipment and materials
necessary are readily available commercially The same is true for solvent recovery and
control technologies for solvent extraction. While both of the options are technically and
administratively feasible, receiving regulatory approvals from NJDEP for the backfilling of
treated soil (sufficient removal of residual solvent) may require additional toxicity testing to
prove that the treated soil is not harmful to biota. Other permits may also be required from
the State and local officials during construction. It appears that both options for this
alternative can be readily implemented.

• Cost: The capital costs of the options for this alternative are estimated to be $16,846,950
(Option A) and $17,130,750 (Option B), respectively. There are no annual operation and
maintenance costs. The present worth of these options, calculated at a discount rate of 5%,
is $16,847,000 (Option A) and $17,131,000 (Option B), respectively. These costs are
summarized in Table 3-2 Option B is only slightly higher than Option A because the greatest
proportion of the costs are due to solvent extraction treatment of the PCB contaminated soil
and the quantity of the lead contaminated soil is relatively small. However, offsite disposal
is more expensive than onsite solidification/stabilization.
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Conclusion:

This alternative (both options) will not be retained for detailed analysis because although it is capable
of meeting the remediation objectives for the Chemsol site, it is considerably more expensive than
treatment alternative S-4. Also, it has the disadvantage of requiring a second offsite treatment step
for a relatively small quantity of concentrated dissolved contaminants (PCBs and other organics) and
additional (onsite processing through the water treatment plant or discharge to the MCUA POTW)
treatment for the spent aqueous stream. Further, toxicity testing of the treated soil will be required
before it can be approved for backfilling onsite.

3.2.2.6 Alternative S-6: Excavation and Onsite Base Catalyzed Decomposition of PCB
contaminated soil with Onsite Solidification / Offsite Disposal of Lead contaminated
soil

Description:

The major features of this remedial alternative include excavation of all the surface soil contaminated
with PCBs and lead, onsite treatment of PCB contaminated soil with base catalyzed decomposition
(BCD), onsite solidification/stabilization (Option A) or transport and offsite disposal at a licensed and
approved non-TSCA disposal facility (Option B) of lead contaminated soil, backfilling the excavated
area with treated soil and solidified mass, and covering the filled area with topsoil and seeding the
remediated area

This alternative also includes a single sampling event (consisting of representative samples of
drummed waste) and transportation and offsite disposal of drummed waste that was described under
the No Action alternative Before implementing this alternative, a treatability study would have to
be performed during the remedial design phase in order to develop and establish optimal operating
conditions for BCD These would be further refined during actual onsite operations as necessary.
Under this alternative, 18,500 cubic yards of contaminated surface soil (upto a depth of two feet
below grade) would be excavated using conventional earthmoving equipment. The PCB
contaminated surface soil (17,303 cubic yards) would be combined with 1450 cubic yards of the
stockpiled soil and 46 cubic yards of well cuttings stored onsite from the various investigations
described earlier. These soils would undergo screening (to separate any metallic debris, rocks and
tree limbs) to prepare the feed material for onsite BCD treatment. BCD would be performed onsite
at an approximate rate of 4 tons/hour for 24 hours/day for 6 days/week until all the contaminated soils
are processed The soils would first be treated in a primary treatment unit (rotary reactor) with
sodium bicarbonate at temperatures of 630-650 °F The dechlorinated and partially volatilized
contaminants (PCBs) would be further processed in a secondary treatment unit (stirred tank slurry
reactor) utilizing a catalyst, a high boiling point hydrocarbon oil and sodium hydroxide at a
temperature of approximately 665 °F Sodium chloride, biphenyl and low-boiling olefinics are the
process residuals that are produced by the BCD process and will require offsite disposal as non-
hazardous waste Treated water and condensate from the process would be passed through a bed
of activated carbon before being discharged to the MCUA POTW. Sludge from the slurry reactor
will have to be disposed offsite like municipal sewage sludge. The portion of the soil that has both
PCBs and lead (1,896 cubic yards) would be run separately through the treatment system. After BCD
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treatment this portion of the PCB and organic free soil (but still containing lead) would be combined
with approximately 1,185 cubic yards of lead contaminated soil These 3.081 cubic yards would be
mixed with an appropriate amount of the solidification/stabilization agent (like portland cement or
other proprietary material) onsite (Option A) or undergo transport and offsite disposal at a licensed
and approved non-TSCA disposal facility (Option B). The excavated area (approximately 5.73 acres)
would be backfilled using the treated soils (for both options) and the solidified mass (for Option A
only) and be compacted and rough graded. This would be followed by a 6 inch cover of topsoil
which would then be seeded to prevent erosion. It is estimated that approximately 31 samples of the
excavated material for offsite disposal would be required to comply with NJDEP waste classification
requirements. These samples would be analyzed for lead and any other parameters required by the
disposal facility. Previous sampling during the remedial investigation has shown these soils to be non-
hazardous for the toxicity characteristic based on TCLP tests. Approximately 160 confirmatory
samples would also be collected from the perimeter of the excavated area to verify that all PCB and
lead contaminated surface soils have been properly excavated. During the operation of the BCD
unit, another 301 samples will be collected and analyzed for PCBs to ensure thorough and complete
treatment to cleanup standards before the material is backfilled.

Evaluation:

• Effectiveness: This alternative would be effective in reducing the toxicity, mobility and
volume of contaminants because all of the contaminated vadose zone surface soils would be
totally excavated and treated (or disposed offsite for Option B) to meet the cleanup goals.
It is estimated that all of the remediation activities including excavation, treatment/disposal,
and backfilling would be completed over an eleven to twelve month period. Over a short
term, potential threats to human health and the environment associated with excavation and
transportation do exist and will have to be controlled.

Both BCD and solidification/stabilization are reliable technologies. BCD will require proper
emissions control of dusts and vapors and offsite disposal of process residuals as described
above In addition, treatability studies will have to be performed to determine site specific
operating conditions. Option S-6B involves long-term uncertainties associated with land
disposal, because the contaminated soil remains indefinitely at the disposal location. In
addition, these two options do satisfy the preference for treatment and permanent solutions.

• Implementability: Excavation, backfilling,solidification/stabilization and BCD are well
established technologies Solidification/stabilization and BCD have been used successfully
at many Superfund sites. All the equipment and materials necessary are readily available
commercially. The same is true for emissions control technologies for BCD. While both of
the options are technically and administratively feasible, receiving regulatory approvals from
NJDEP for the potential air emissions from the BCD unit may prove to be more time-
consuming than some of the other permits that are required from the State and local officials
during construction. It appears that both options for this alternative can be readily
implemented.

Cost: The capital costs of the options for this alternative are estimated to be $14,686,300
(Option A) and $14,970,100 (Option B), respectively. There are no annual operation and
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maintenance costs. The present worth of these options, calculated at a discount rate of 5%,
is $14,686,300 (Option A) and $14,970,100 (Option B), respectively. These costs are
summarized in Table 3-2. Option B is only slightly higher than Option A because the greatest
proportion of the costs are due to BCD treatment of the PCB contaminated soil and the
quantity of the lead contaminated soil is relatively small. However, offsite disposal is more
expensive than onsite solidification/stabilization.

Conclusion:

This alternative (both options) will not be retained for detailed analysis because although it is capable
of meeting the remediation objectives for the Chemsol site, it is considerably more expensive than
treatment alternative S-4. Also, it has the disadvantage of requiring offsite treatment/disposal steps
for process residuals (sodium chloride, biphenyl and low boiling olefinics and sludge from the slurry
reactor) and additional (onsite processing through the water treatment plant or discharge to the
MCUA POTW) treatment for the spent aqueous stream.

3.3 SUMMARY AND DISCUSSION OF RETAINED REMEDIAL ALTERNATIVES

3.3.1 REMEDIAL ALTERNATIVES FOR GROUNDWATER (GW)

Based on the screening evaluation of effectiveness, implementability, and cost, Alternatives GW-3
and GW-4 have been eliminated from further consideration in the detailed analysis presented in
Section 4.0. Options A and B for remedial alternatives GW-2 and GW-5 and the No Action
alternative (GW-1) will be retained. It should be noted that treatment alternatives GW-2 and GW-5
are designed to capture some or all of the contaminated groundwater beneath the Chemsol property
and are not expected to restore the water quality of the fractured bedrock aquifer. They are however
expected to provide a significant reduction in the mass of contaminants that are present in the aquifer.

3.3.2 REMEDIAL ALTERNATIVES FOR SOIL CONTAMINATED WITH PCBs AND
LEAD (S)

Based on the screening evaluation of effectiveness, implementability, and cost, Options A and B for
Alternatives S-5 and S-6 and Option B for Alternative S-2 have been eliminated from further
consideration in the detailed analysis presented in Section 4.0. Therefore, in addition to the No
Action (S-l), Capping with Soil (S-2A) and Offsite Disposal (S-3) alternatives, treatment alternative
S-4A and S-4B will undergo detailed analysis Alternatives S-2A and S-3 do not satisfy the
preference for treatment. Alternatives S-3, S-4 A and S-4B do satisfy the preference for permanent
solutions where the contaminants are physically removed from the vadose zone soils.
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4.0 DETAILED ANALYSIS OF ALTERNATIVES

This section presents a detailed description and analysis of each remedial alternative that passed the
initial screening evaluation in Section 3.0. Section 4.1 provides a list of these alternatives grouped
according to the environmental medium being remediated and the primary type of contaminant.
Section 4.2 briefly describes the evaluation process and the nine criteria (defined in Section 1.1.3)
used to analyze each remedial alternative. Sections 4.3 and 4.4 address the alternatives for
groundwater contaminated primarily with volatile and semivolatile organics and soils contaminated
with PCBs and lead, respectively.

4.1 INTRODUCTION

This section analyzes the assembled alternatives in order to provide a basis for the selection of a
remedy for the Chemsol site. The extent to which alternatives are analyzed during the detailed
evaluation is determined, to a large degree, by the available data and the use of best engineering
judgement.

The alternatives to be evaluated include the following:

Groundwater

Alternative GW-1: No Action
Alternative GW-2(A and B): Continue Existing Interim Action - Extract Groundwater from Well

C-l
Alternative GW-5(A and B): Extract Groundwater from Wells C-l, C-2, TW-4, TW-5, TW-8

and DMW-9 - Use Existing Treatment Processes Air Stripping /
Aerobic Mixed Growth Biotreatment / Filtration / Activated Carbon
Adsorption

Soils Contaminated with PCBs and Lead

Alternative S-l: No Further Action
Alternative S-2A: Capping with Soil
Alternative S-3: Excavation and OfFsite Disposal
Alternative S-4(A and B): Excavation and Onsite Low Temperature Thermal Desorption of

PCB contaminated soil with Onsite Solidification / OfFsite Disposal
of Lead contaminated soil

Note that the evaluation of the groundwater alternatives have assumed that the soils (i.e. source
areas) have been remediated.

4.2 EVALUATION PROCESS

The detailed description of the remedial alternatives includes the following:

• A description of the alternative, including the technologies comprising the alternative;
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• A description of engineering, safety, environmental, public health, or other considerations that
affect the feasibility of the alternative;

The aspects of the groundwater or soil contamination problem that the alternative will or
will not control; and

• A preliminary conceptual engineering design including necessary facilities, equipment, and
construction items. A breakdown of the quantities, dimensions, and sizing of major
components of the conceptual design are provided as a basis for cost estimation. The level
of detail in the preliminary design is focused on providing cost estimates with an accuracy
in the range of -30 percent to +50 percent

Each alternative is evaluated against specific criteria on the basis of the statutory requirements of
CERCLA Section 121, program initiatives promulgated in the National Contingency Plan, and
site-specific experience gained in the Superfund program. A total of nine criteria are used in the
alternative evaluation. The first two criteria are threshold criteria which must be met by each
alternative. The next five criteria are the primary balancing criteria upon which the analysis is
based. The final two criteria are referred to as modifying criteria and are applied, following the
public comment period, to evaluate state and community acceptance.

The two threshold criteria are:

• Overall Protection of Human Health and the Environment; and

• Compliance with ARARs.

The five primary balancing criteria upon which the analysis is based, are:

• Long-term Effectiveness and Permanence;

• Reduction of Toxicity, Mobility or Volume through Treatment;

• Short-term Effectiveness;

• Implementability; and

• Cost.

The two modifying criteria will be evaluated following comments on the Proposed Plan, and will
be described in the ROD for the site. These criteria are:

• State Acceptance; and

• Community Acceptance.

Each of these nine criteria were described in Section 1.1.3 and are assessed in the following
sections to allow a thorough and consistent analysis of the remedial alternatives. Since the public
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and the State have not been provided with a formal opportunity to review the detailed analysis,
only the first seven criteria have been discussed in this FS report.

It must be stressed that the alternatives described in the following analyses are conceptual. Any
characteristics of these alternatives (such as remediation locations, depths, and extraction rates)
should be considered to be approximate.

In addition, it is recognized that several of the alternatives may potentially impact the on-site
wetlands. Estimates of the approximate amount of wetland disturbance are provided in the text
that follows. During remedial design, the estimates of the potential wetland impacts will be
refined and restoration and/or mitigation methods will be developed. Furthermore, if areas of
LotlA are subjected to remedial activities, then a Stage IB Cultural Resources Survey will need
to be performed.

4.3 DETAILED ANALYSES OF GRQUNDWATER ALTERNATIVES

4.3.1 ALTERNATIVE GW-1: NO ACTION

Description:

This alternative includes an annual sampling of 20 existing monitoring wells to conduct a long-term
monitoring program. Under this alternative, which is required by the NCP and SARA, the current
operation of the interim groundwater remedy would cease. The wells that would be sampled are C-l,
C-2, C-4, C-5, C-10, DMW-1, DMW-3, DMW-7, DMW-8, DMW-9, DMW-11, OW-1, OW-2, OW-
4, TW-4, TW-5, TW-5A, TW-6, TW-7, and TW-8. These wells were identified as being the twenty
most contaminated wells during the two rounds of the RI groundwater sampling. All samples would
be analyzed for TCL organics and T AL inorganics. A review of site conditions would occur at the
end of every five years (for a thirty year period) to determine whether or not the contamination has
spread. If necessary, appropriate action would be considered at that time. Also, the groundwater
that is purged from these monitoring wells during each sampling event (approximately 3,000 gallons)
will have to be sent for offsite disposal as a hazardous waste on an annual basis.

Analysis:

Short-Term Effectiveness

In the short-term, this alternative would not remediate the groundwater at the site. No
construction activities are associated with this alternative so it does prevent the potential for any
ingestion and inhalation of contaminants from the groundwater. The persons performing the
annual sampling activities would follow OSHA health and safety procedures and wear the
necessary personal protective equipment. There are no short-term risks to site workers from the
groundwater; therefore, this alternative is protective of site workers.

The contaminant plume is not discharging into any onsite surface water bodies; therefore, in the
short-term, this alternative is protective of the environment.

4-3 4001^



Long-Term Effectiveness and Permanence

• Magnitude of Residual Risks: The natural dilution of the contaminated
groundwater at the site would ultimately tend to reduce the concentration of
contaminants. However, this alternative will not restore the water quality of the
fractured bedrock aquifer for a very long time because of the potential for the
presence of DNAPLs. Biological reactions in the saturated zone are expected to
contribute to the reduction of organics in the groundwater, particularly the
hydrocarbons like benzene, ethylbenzene, toluene and xylene. The limited
attenuation (i.e. bonding ability of contaminants to saturated aquifer formation
materials) would slightly reduce the downgradient migration of the contaminants
towards off site residential and industrial wells. Off site pumping would tend to
increase contaminant migration outside the property boundaries. Future potential
risks from the possible use of groundwater for drinking and showering due to
inhalation and ingestion would continue indefinitely.

• Adequacy of Controls: This alternative does not provide for any controls on the
use of the fractured bedrock aquifer by private residences.

• Reliability of Controls: There are no controls associated with this alternative.

Reduction of Toxicityf Mobility, or Volume through Treatment

This alternative does not involve any containment or removal of contaminants. It does provide
for some limited treatment of the organics in the groundwater by the naturally-occurring biological
processes, particularly for hydrocarbon compounds like benzene, ethylbenzene, toluene and
xylene. These biological processes would convert some of the organic contaminants to carbon
dioxide, chlorides, and water; thereby, partially reduce the toxicity of the groundwater. The
natural dilution of the contaminated groundwater would also reduce the toxicity, but the volume
of contaminated groundwater would increase.

Implementability

• Technical Feasibility: This alternative only requires using standard sampling and
analytical methods to implement; therefore it is very easy to implement.

• Administrative Feasibility: All the monitoring wells are on the Chemsol property.
Until the annual sampling event occurs, the only administrative task would be to
protect the integrity of the monitoring wells for the thirty year period. Those tasks
including offsite disposal of the purged groundwater are very simple to implement.

• Availability of Services and Materials: All the services and materials needed to
implement this alternative are readily available.
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Costs

The net present worth of this alternative, calculated at a 5 % discount rate is estimated to be
$912,000.

• Capital Cost: There is no capital cost associated with this alternative.

• O & M Cost: The annual operating and maintenance cost of $59,336 is for the
annual sampling of the monitoring wells, the annual disposal of the water purged
from the wells during the performance of the sampling, and the preparation of a
report at the end of every five years for a thirty year period.

A summary of the details of the cost estimate for this alternative is given in Table 4-1.

Compliance with ARARs

This alternative does not meet chemical-specific Federal and State ARARs (MCLs) for the
groundwater at the present time and this situation is not expected to be changed for many years.
Since there is no active remedial action associated with this alternative, action-specific ARARs
do not apply.

Overall Protection of Human Health and the Environment

This alternative relies on natural processes of dispersion and biotransformation reactions to restore
groundwater quality over a relatively long time frame. There are no health risks to site workers
for the short or long-term because there are no direct exposure pathways. Future potential human
health risks from the possible use of groundwater for drinking and showering due to inhalation
and ingestion would continue indefinitely. As the plume migrates, the volume of contaminated
groundwater in the fractured bedrock aquifer would continue to increase and thereby degrade the
environment. The contaminant plume is not discharging into any onsite surface water bodies;
therefore, in the short-term, this alternative is protective of the environment.

State Acceptance

Not addressed at this time.

Community Acceptance

Not addressed at this time.
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4.3.2 ALTERNATIVE GW-2(A AND B): CONTINUE EXISTING INTERIM ACTION -
EXTRACT GROUNDWATER FROM WELL C-l

Description:

The major features of this remedial alternative include: groundwater extraction (pumping and
collection) from the Chemsol plume as depicted in Figures 7, 8 and 9 of Appendix A; groundwater
treatment to MCLs or natural background, or surface water quality standards, as appropriate;
discharge of the treated water; and a performance monitoring program. The locations of the
treatment plant, extraction well, and effluent discharge pipe are shown in Figure 1-6. A schematic
diagram of the treatment process is shown in Figure 2-1.

Groundwater Extraction System

Groundwater would continue to be extracted at an average rate of 21 gpm from the plume using
extraction well C-l as at present. As stated in Appendix A, well C-l would be pumped and
groundwater would be extracted from portions of the fractured bedrock aquifer both above and
below the gray marker shale. Well C-l is equipped with a submersible pump (rated at 25gpm @ 170
feet TDK), a level probe and a flowmeter. It is also equipped with an automatic/manual control to
protect the pump if the well runs dry and/or to protect against overflow conditions at the treatment
plant. The extracted groundwater is conveyed through a 2 inch nominal diameter fiberglass
reinforced plastic (FRP) carrier pipe enclosed within a 4 inch nominal diameter FRP containment
pipe. This pipe is insulated and electrically heat traced. The present above ground pipeline is placed
in steel sleeves at road crossings (within site boundaries in Lot 1A). Under this alternative, the
existing influent pipe from well C-l would have to be replaced with one that is buried after
implementation of the source control (soil) remedy so that a large portion of the site could be
restored to beneficial use This pumping is expected to continue for at least several decades or until
the contaminant mass is reduced such that contaminant concentrations show no significant change
even after extraction is stopped for an extended period.

Groundwater Treatment Plant

The discharge options for treated water, as described in section 3.1.3.1, are: discharge to the MCUA
POTW and discharge to Stream 1 A. For treatment plant operation under the discharge to the MCUA
POTW option (GW-2A), treatment of the extracted groundwater consists of air stripping to remove
volatile organics followed by pressure filtration pretreatment before polishing with activated carbon
to remove semi-volatile organics. For the Stream 1A discharge option (GW-2B), the treatment plant
operation includes aerobic mixed growth biotreatment immediately following air stripping and is then
followed by pressure filtration and activated carbon adsorption.

The major features of the treatment plant include the following: an equalization tank; two packed
column air stripping towers in series; off-gas treatment using catalytic oxidation and scrubbing of acid
gases; a mixed growth biological reactor with clarifier; nutrient feed facilities; sludge handling and
dewatering equipment; a mixed media pressure filter; a liquid phase activated carbon adsorption
system; an effluent monitoring station; a miscellaneous waste holding tank; and, the control building.

The equalization tank has an operating capacity of approximately 10,800 gallons and is vented to the
off-gas treatment system. It allows for equalization of hydraulic and groundwater quality variability.
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This also allows minor repairs or maintenance to be performed without shutting down the
groundwater extraction system. It is equipped with a level sensor, alarm and low level shut off control
for two forward flow pumps, which are utilized to transfer equalized groundwater to the air stripping
towers. The two air stripping towers (40 feet high) are designed to operate in series and are packed
with 30 feet of 3.5 inch Lanpac polypropylene packing. The towers are two feet in diameter and are
made of fiber reinforced plastic (FRP). Each tower is also equipped with a mist eliminator, inlet
distributor, packing media support, and a built-in sump. The sump has a level sensor and alarm to
allow for proper control. Groundwater from the equalization tank flows into the first tower and is
subsequently transferred to the second tower via a transfer pump. The transfer pumps have a total
capacity of 100 gpm, which allow for a 100% recycle at maximum design flow. The effluent from
the second tower will be pumped to the mixed growth biological reactor (Option B) or to the mixed
media pressure filter in the MCUA operation mode (Option A). Forced air blowers (four - two plus
two standby) having a capacity of 250 standard cubic feet per minute (scfrn) @ 6 inches water column
(WC) provide the required air flow through the towers that are designed for a 30:1 air:water ratio.
The blowers are equipped with sensors and controls that are interlocked with the water transfer
pumps.

The off-gas from the stripping towers and the equalization tank is treated in a catalytic oxidizer and
cooled and neutralized in the acid gas scrubber. The oxidizer is designed to process 500 scfm of
VOC laden off-gas and provides 99+% destruction efficiency. During normal operation, VOC laden
air from the strippers is diluted to the appropriate air mixture using a modulating valve and a lower
explosive limit (LEL) sensor. The fan discharges the VOC laden air past the LEL sensor, the flame
arrester, and into the tube side of the primary heat exchanger where it is preheated. It then moves
though the burner/reactor section and is heated to a preset catalyst inlet temperature. The VOCs are
destroyed over the catalyst in an exothermic reaction and the hot air stream containing acid gases
(HC1) passes through the shell side of the heat exchanger to preheat the incoming air. A quench
tower and an acid gas scrubber is provided to cool and neutralize the inorganic acids formed as a
result of the oxidation process. The treated air is vented from above the roof of the treatment plant
building.

The mixed growth biological treatment system includes the biological reactor, air blowers, and the
clarifier. The mixed growth system reactor has a capacity of 160,400 gallons with two treatment
trains operating in parallel. Each train has two compartments operating in series. Each compartment
is a coated steel tank (38* x 12' x 12'). The oxygen requirement is supplied by three (one spare)
positive displacement blowers, each having a capacity of 570 scfrn @ 7 psig. The overflow from
each train of the bioreactor goes to a 12' x 12' hopper type clarifier. The reactor has been designed
for: a BOD5 loading of 35 lb/day/1,000 ft3; a hydraulic retention time of 2.5 days; a winter operating
temperature of 10°C; energy oxygen required of 0.6 Ib Oj/lb BOD5 removed; endogenous oxygen
required of 10 Ib O2/l,000 Ib Mixed Liquor Volatile Suspended Solids (MLVSS) removed; and a
sludge yield of 0.5 Ib of sludge/lb BOD5 removed. A polymer feed system is included in the design
to aid flocculation and thickening of the biological sludge and to assure the attainment of a clear
effluent. Two sludge recycle pumps (with 100% recycle capacity) are provided to pump clarifier
underflow to the head end of the biological reactor. These pumps would also transfer excess
biological solids to the sludge holding tank for subsequent processing. As the groundwater is
deficient in both nitrogen and phosphorus, both of these nutrients will have to be added for effective
treatment during the Stream 1A discharge (Option B) operating mode. Provisions have been made
to feed nitrogen in the form of aqueous ammonia and phosphorus in the form of phosphoric acid.
Based on the treatability study performed by Mclaren Hart, it is estimated that approximately 4,000
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gallons of 0.6% sludge will be wasted every day for Option B. For Option A, it is estimated that 58
Ib/day of dry solids will be generated. A 6,000 gallon conical bottom sludge holding tank equipped
with a slow speed turbine mixer and decant device is used to store and process the sludge. Stored
sludge is fed via a feed pump to a plate and frame filter press with a capacity of 11 cubic feet.
Dewatered sludge (2 cubic yards per week), with an estimated cake solids concentration of 40% will
be collected in a dumpster and sent for offsite disposal. The filtrate from the filter press is collected
in the plant sump and pumped to the holding tank before being pumped to the head end of the
bioreactor (for Option B) or to the equalization tank (for Option A).

Two mixed media pressure filters will receive effluent from the second air stripping tower under
Option A and from the bioreactor clarifier under Option B. The pressure filter is designed for an
average loading of 3 gpm/ft2 and a maximum hydraulic loading of less than 10 gpm/ft2. A backwash
(using city water initially) lasting fifteen minutes at a flow rate of 20 gpm/ft2 is used to clean the
filters. The pressure filters remove any suspended solids that may adversely affect the granular
activated carbon (GAC) adsorption system. Based on the results of the treatability studies performed
by McLaren Hart, the GAC system was designed for a carbon usage rate of 375 Ibs/day for Option
A and 290 Ibs/day for Option B. The system consists of two GAC units operating in parallel. Each
GAC unit consists of two 10,000 Ibs carbon vessels operating in series. An adsorption contact time
of approximately 3 hours is expected in each vessel at a 30 gpm design flow rate. The system is
operated in a downflow fixed bed mode with backwash capability. The effluent from the GAC units
is stored in a 3,000 gallon effluent storage tank where the water quality is tested before it is
discharged either to the MCUA POTW via the sewer system or to Stream 1A via the effluent
discharge line. The treated effluent is also used as backwash water from the effluent storage tank
when needed. A 10,800 gallon waste holding tank is also part of the treatment plant and is used to
protect against a hydraulic surge. Backwash water from the GAC units and the pressure filter is
stored in this tank. Under Option A, solids in the waste holding tank are pumped to the sludge
holding tank and the liquid is pumped to the equalization tank. Under Option B, filter press filtrate
from the plant sump would be pumped to this tank before being fed back to the bioreactor.

Effluent Discharge System

The effluent pumps discharge to a valve pit. From this pit the treated effluent can flow either to
Stream 1A or to the MCUA POTW (via the Piscataway Township Sewer System). A 3-inch PVC
effluent pipe connects this pit to the last manhole on Fleming Street. The effluent discharge pipe to
Stream 1A is buried and follows the southern boundary of the site to an outfall structure constructed
using riprap to dissipate energy and to provide protection from erosion.

Performance Monitoring Program

Under this alternative, contaminated groundwater would be treated to action levels defined by the
Federal and State MCLs for public drinking water supplies or natural background, or Federal and
State Surface Water Quality Standards, as appropriate. In cases where MCLs or surface water quality
standards have not been promulgated, the cleanup level would be defined as the upper contaminant
limit for which the average lifetime risk is within the range of lO^to 10"6 (for carcinogens) or for
which the cumulative hazard index is less than one (for non-carcinogens).

Under Option A the pretreatment requirements (including parameter concentration limits and sample
monitoring and reporting frequency) defined by the MCUA discharge permit would have to be met.
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Under Option B, similar surface water discharge criteria (including parameter concentration limits
and sample monitoring and reporting frequency) defined in the NJPDES permit equivalent would
have to be satisfied. Also, air emissions have to meet NJDEP requirements. Other measurements
and samples from within the treatment plant (in between process units) would have to be collected
and recorded on a regular basis as stated in the O & M manual for the plant. In addition, twenty
existing monitoring wells at the site would be used to conduct an annual long-term groundwater
monitoring program which would track contaminant migration/plume containment in the aquifer for
at least several decades. The wells that would be sampled are C-l, C-2, C-4, C-5, C-10, DMW-1,
DMW-3, DMW-7, DMW-8, DMW-9, DMW-11, OW-1, OW-2, OW-4, TW^J, TW-5, TW-5A, TW-
6, TW-7, and TW-8. These wells were identified as being the twenty most contaminated wells during
the two rounds of the RI groundwater sampling. All samples would be analyzed for TCL organics
and TAL inorganics. In addition, for option GW-2B, two samples would be collected from Stream
1A (one upstream and one downstream) twice a year. The stream samples would be analyzed for
TCL organics, TAL inorganics, and conventional water parameters (such as BOD, COD, TDS, TSS,
etc.). The contaminant mass removal and containment of the plume would be assessed every five
years utilizing the data collected during the monitoring activities.

Analysis:

Short-Term Effectiveness

In the short-term, this alternative would partially remediate the groundwater at the site. The
workers performing the construction of the new buried influent piping from the extraction well
C-l to the treatment plant would have health and safety training and use appropriate health and
safety protocols to minimize any unacceptable exposure to the contamination by inhalation, direct
contact or ingestion. Therefore, there are no short-term risks to site workers and this alternative
is protective of site workers.

The contaminant plume is not discharging into any onsite surface water bodies; therefore, in the
short-term, this alternative is protective of the environment.

Long-Term Effectiveness and Permanence

• Magnitude of Rpsiriiial Risks- Long-term risks do exist to workers at the site from
potential inhalation of vapors from the treatment plant. However, this risk from
inhalation of vapors has been minimized by venting the equalization tank and the
air stripping towers through the off-gas treatment system. Completion of the
remedial action is not anticipated for at least several decades, so all potential health
risks to humans or the environment from the organic contaminants would not be
completely eliminated for a very long time. The waste streams produced by the
treatment plant would need to be managed as a hazardous or non-hazardous waste
as determined by analytical testing and there is some risk associated with handling
these generated wastes. This alternative does not capture all of the contaminated
groundwater. The preliminary groundwater modeling performed by CDM Federal
shows that extraction well C-l appears to capture a majority of the contaminated
groundwater from above the gray marker shale except for the northwest corner of the
site. Between the gray shale and the deep gray unit, well C-l captures less water and
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the size of the capture zone is reduced by offsite pumping influences and an area to
the north and northwest remains uncaptured. Below the deep gray unit, well C-l only
captures a small portion of the groundwater at the southeastern edge of the site and
the majority of the groundwater beneath the site remains uncaptured. These impacts
will have to be investigated further during the remedial design stage.

• Adequacy of Controls: The most probable pathway for long-term risk is from
potential air emissions. The off-gas treatment system has been designed with
alarms and controls that shut down the blowers for the air stripping towers and the
extraction well pump, if necessary in the event of a process failure. Volatile
organic compounds that are emitted from the air stripper are destroyed using catalytic
oxidation followed by acid gas scrubbing to cool and neutralize the inorganic acids
formed during the oxidation process. These air pollution controls are very effective
in meeting Federal and State ARARs. The biotreatment process converts organics
to primarily carbon dioxide, water and excess biomass. The effluent from the
biotreatment clarifier is passed through a mixed media pressure filter to remove any
solids that would affect the performance of the activated carbon beds. Liquid phase
activated carbon polishing of the partially treated water for the removal of semi-
volatile organics requires offsite regeneration or disposal of the spent carbon. Sludge
from the biotreatment and backwashing of the pressure filters and activated carbon
beds will require off-site disposal as a hazardous or non-hazardous waste depending
on analytical testing. For option GW-2A, the three step treatment train of airstripping,
filtration and carbon adsorption is effective in meeting the requirements of the MCUA
permit for destroying toxic volatile organics. For option GW-2B, current knowledge
based on the pre-design treatability studies conducted by McLaren Hart, indicates that
all of the NJPDES-DSW permit conditions are not satisfied by the potential effluent
that would be generated by the four step treatment train that includes airstripping,
aerobic mixed growth biotreatment, filtration and activated carbon adsorption.
Additional polishing steps may be required or waivers may need to be granted.
Further study using groundwater leaving the full scale air strippers may show different
results from the treatability study which was based on non-pumping conditions.

The GAC system has been designed to have two carbon adsorbers operating in
series. The downstream adsorber is essentially a backup to the upstream adsorber
in the event of an unexpected breakthrough of organics occurs much sooner than
expected. Given that GAC unit has not required a change for two years of current
operation under the MCUA discharge mode, the use of two carbon adsorbers acting
in series provides very adequate control of long-term risks. The possible release
of contaminated groundwater from the extraction operation is controlled by the use
of containment piping with sensors to detect leaks. This would provide adequate
control of contaminated groundwater leaking onto the site. The treatment plant has
been constructed within a curbed area capable of storing all the groundwater from
the largest vessel and it has alarms and sensors that would shut down the system
if it detected the presence of water at a predetermined level.

• Reliability of Controls: All of the treatment technologies considered are reliable
technologies. The treatment plant has been designed with many safety interlocks,
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alarms and controls that provide adequate warnings to the plant operators if and
when certain process or other external failures do occur. Regular O & M, with the
necessary replacement of defective components (pumps, switches, transducers,
etc.) from the onsite spares inventory has allowed for a very reliable operation.
Redundancy has been built into the system with extra pieces of critical components
(spare blowers and pumps) that provide a very high reliability of controlling long-
term risk.

Reduction of Toxicity, Mobility t or Volume through Treatment

This alternative does provide for considerable reduction of toxicity, mobility and volume of the
contaminant plume. All the organic contaminants in the extracted groundwater are either
destroyed by catalytic oxidation or are collected on liquid phase carbon (GAC). When the carbon
is regenerated, the organic contaminants would be converted to carbon dioxide, water and
hydrochloric acid, thereby eliminating the toxicity. The extraction system for this alternative has
been designed to capture contaminated groundwater up to a depth of 130 feet which would
eliminate the mobility of the contaminants in the environment and thus reduce the volume of the
contaminant plume.

Implementability

• Technical Feasibility: All the technologies for implementation of this alternative
are very well established. However, this alternative does involve numerous
process steps that must be properly executed. In addition, skilled operators are
needed to properly operate and maintain the treatment system.

• Administrative Feasibility: The interim remedy groundwater treatment plant has
already been built within the existing boundaries of the Chemsol site and has been in
operation with discharge to the MCUA POTW for the past two years. All of the
construction for the Stream 1A discharge option has already been completed even
though that mode of operation is currently not in use. Although option GW-2A is
currently permitted and being utilized, future operating costs for MCUA discharge
may increase significantly based on a projected increasing scale of discharge fees. The
groundwater extraction system and the treated water discharge system including
extraction well C-l, the raw water influent and treated water effluent piping has
already been installed. The future installation of a buried influent pipe can be
expected to require a modest amount of administrative effort in obtaining the
necessary approvals and coordination with EPA, NJDEP and local engineering and
public works departments.

• Availability of Services and Materials: Almost all of the services and materials
needed to implement this alternative already exist at the site.
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Costs

The net present worth of this alternative, calculated at a 5 % discount rate is estimated to be
$7,000,300 (for Option A) and $11,209,000 (for Option B).

• Capital Cost: The capital cost for this alternative is estimated to be $45,097 (for
both options).

• O & M Cost: The annual operating and maintenance costs for this alternative are
estimated to be $452,738 (for Option A) and $726,336 (for Option B) and include
a periodic review of the site conditions every five years for an estimated thirty year
period.

A summary of the details of the cost estimate for this alternative is given in Tables 4-2 (A and
B).

Compliance with ARARs

This alternative would not meet chemical-specific Federal and State ARARs for the organic
contaminants in all of the groundwater beneath the site. Although extracted groundwater would
be treated to meet Federal and State ARARs, it is estimated that many of the remediation goals would
be attained over a long period of time. As stated earlier, the water quality in the fractured bedrock
aquifer is not expected to be restored to below MCLs or background levels for at least several
decades due to the potential presence of DNAPLs. This alternative is expected to meet location-
specific and action-specific Federal and State ARARs.

Overall Protection of Human Health and the Environment

The extraction system for this alternative has been designed to capture contaminated groundwater
up to a depth of 130 feet which would eliminate the mobility of the contaminants in the
environment and thus reduce the volume of the contaminant plume. Completion of the remedial
action is not anticipated for at least several decades, so all potential health risks to humans or the
environment from the organic contaminants would not be completely eliminated for a very long
time. This alternative uses reliable, well established technologies and is considerably effective in
protecting potential risks to human health and the environment.

State Acceptance

Not addressed at this time.

Community Acceptance

Not addressed at this time.
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4.3.3 ALTERNATIVE GW-5(A AND B): EXTRACT GROUNDWATER FROM WELLS
C-l, C-2, TW-4, TW-5, TW-8 AND DMW-9 - USE EXISTING TREATMENT
PROCESSES AIR STRIPPING / AEROBIC MIXED GROWTH BIOTREATMENT
/ FILTRATION / ACTIVATED CARBON ADSORPTION

Description

The major features of this remedial alternative include: groundwater extraction (pumping and
collection) from the Chemsol plume as depicted in Figures 28, 29 and 30 of Appendix A;
groundwater treatment to MCLs or natural background, or surface water quality standards, as
appropriate; discharge of the treated water, and a performance monitoring program. The locations
of the treatment plant, extraction wells, and effluent discharge pipe are shown in Figure 1-6. A
schematic diagram of the treatment process is shown in Figure 2-1.

Groundwater Extraction System

Groundwater would be extracted at an average rate of 55 gpm from the plume using extraction
wells C-l, C-2, TW-4, TW-5, TW-8 and DMW-9. As stated in Appendix A, well C-l would be
pumped at 20 gpm, wells C-2, TW-4 and TW-5 would be pumped at 5 gpm each, wells TW-8 and
DMW-9 would be pumped at 10 gpm each, and groundwater would be extracted from portions
of the fractured bedrock aquifer both above and below the gray marker shale. The addition of
wells TW-8 and DMW-9 to the extraction system would allow capture of contaminated
groundwater from offsite areas within approximately 500 feet of the northern and southern
property boundaries. The addition of wells C-2, TW-4 and TW-5 to the extraction system results
in extending the capture zone described under Alternative GW-4 further to the north and northwest
in all three depth zones. It is expected that a series of pumping tests will be conducted during the
remedial design stage to verify withdrawal rates prior to actual engineering design of the
extraction system.

Well C-l is equipped with a submersible pump (rated at 25gpm @ 170 feet TDH), a level probe and
a flowmeter. It is also equipped with an automatic/manual control to protect the pump if the well
runs dry and/or to protect against overflow conditions at the treatment plant. The extracted
groundwater is conveyed through a 2 inch nominal diameter fiberglass reinforced plastic (FRP) carrier
pipe enclosed within a 4 inch nominal diameter FRP containment pipe. This pipe is insulated and
electrically heat traced. The present above ground pipeline is placed in steel sleeves at road crossings
(within site boundaries in Lot 1 A). Under this alternative, the existing influent pipe from well C-l
would have to be replaced with one that is buried after implementation of the source control (soil)
remedy so that a large portion of the site could be restored to beneficial use.

Wells C-2, TW-4, TW-5, TW-8 and DMW-9 would also be converted into extraction wells and
equipped with a similar submersible pump, level probe, and a flowmeter. Additional
instrumentation and controls would be added based on the detailed design that would be performed
after the pumping tests. Also, an estimated 2,085 feet of buried piping (similar to the one for
Well C-l) would have to be installed to connect wells C-2, TW-4, TW-5, TW-8 and DMW-9 to
the main influent pipe. This pumping of the most highly contaminated groundwater (based on the
RI two rounds of sampling) is expected to continue for at least several decades or until the
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contaminant mass is reduced such that contaminant concentrations show no significant change even
after extraction is stopped for an extended period.

The groundwater treatment plant, the effluent discharge system and the performance monitoring
system for this alternative would be the same as that described under Alternative GW-2, except
that the operations would be conducted at the maximum design (higher) flow rates of 55 gpm.
Also, it should be noted that 4 new monitoring wells would need to be installed to monitor the
offsite portion of the plume (two north of the site and two south of the site). The monitoring wells
that would be sampled as part of the performance monitoring program are C-1, C-2, C-4, C-10,
DMW-1, DMW-3, DMW-7, DMW-8, DMW-9, DMW-11, TW-4, TW-5, TW-5 A, TW-6, TW-7,
TW-8 and the 4 new wells. During the performance of CDM Federal's RI, access to offsite
adjacent properties was not available for the purpose of installing monitoring wells. Thus
characterizing the offsite extent of the plume boundary was not possible.

Analysis:

Short-Term Effectiveness

In the short-term, this alternative would partially remediate the groundwater at the site. The
workers performing the construction of the new buried influent piping from extraction wells C-1,
C-2, TW-4, TW-5, TW-8 and DMW-9 to the treatment plant would have health and safety
training and use appropriate health and safety protocols to minimize any unacceptable exposure
to the contamination by inhalation, direct contact or ingestion. Therefore, there are no major
short-term risks to site workers and this alternative is protective of site workers.

The contaminant plume is not discharging into any onsite surface water bodies; therefore, in the
short-term, this alternative is protective of the environment.

Long-Term Effectiveness and Permanence

• Magnitude of Residual Risks- Long-term risks do exist to workers at the site from
potential inhalation of vapors from the treatment plant. However, this risk from
inhalation of vapors has been minimized by venting the equalization tank and the
air stripping towers through the off-gas treatment system. Completion of the
remedial action is not anticipated for at least several decades, so all potential health
risks to humans or the environment from the organic contaminants would not be
completely eliminated for a very long time. The waste streams produced by the
treatment plant would need to be managed as a hazardous or non-hazardous waste
as determined by analytical testing and there is some risk associated with handling
these generated wastes. This alternative does capture all of the contaminated
groundwater. The preliminary groundwater modeling performed by CDM Federal
shows that extraction wells C-1, C-2, TW-4, TW-5, TW-8 and DMW-9 appear to
capture all of the contaminated groundwater from above the gray marker shale
(including offsite areas). Between the gray shale and the deep gray unit, these
wells appear to capture almost all of the water in this zone except for a very small
portion of groundwater (that is not expected to be contaminated) in the northwest
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corner that remains uncaptured. Below the deep gray unit, the capture zone is
similar to the one in between the gray shale marker and the deep gray unit. These
projected capture zones will have to be investigated further during the remedial
design stage.

Adequacy of Controls: The most probable pathway for long-term risk is from
potential air emissions. The off-gas treatment system has been designed with
alarms and controls that shut down the blowers for the air stripping towers and the
extraction well pump, if necessary in the event of a process failure. Volatile
organic compounds that are emitted from the air stripper are destroyed using catalytic
oxidation followed by acid gas scrubbing to cool and neutralize the inorganic acids
formed during the oxidation process. These air pollution controls are very effective
in meeting Federal and State ARARs. The biotreatment process converts organics
to primarily carbon dioxide, water and excess biomass. The effluent from
biotreatment clarifier is passed through a mixed media pressure filter to remove any
solids that would affect the performance of the activated carbon beds. Liquid phase
activated carbon polishing of the partially treated water for the removal of semi-
volatile organics requires ofisite regeneration or disposal of the spent carbon. Sludge
from the biotreatment and backwashing of the pressure filters and activated carbon
beds will require off-site disposal as a hazardous or non-hazardous waste depending
on analytical testing. For option GW-5A, the three step treatment train of airstripping,
filtration and carbon adsorption is effective in meeting the requirements of the MCUA
permit for destroying toxic volatile organics. For option GW-5B, current knowledge
based on the pre-design treatability studies conducted by McLaren Hart, indicates that
all of the NJPDES-DSW permit conditions are not satisfied by the potential effluent
that would be generated by the four step treatment train that includes airstripping,
aerobic mixed growth biotreatment, filtration and activated carbon adsorption.
Additional polishing steps may be required or waivers may need to be granted.
Further study using groundwater leaving the full scale air strippers may show different
results from the treatability study which was based on non-pumping conditions.

The GAC system has been designed to have two carbon adsorbers operating in
series. The downstream adsorber is essentially a backup to the upstream adsorber
in the event that an unexpected breakthrough of organics occurs much sooner than
expected. Given that GAC unit has not required a change for approximately two
years of current interim remedy operation under the MCUA discharge mode, the
use of two carbon adsorbers acting in series provides very adequate control of long-
term risks. Carbon usage will increase due to the higher flows for this alternative.
The possible release of contaminated groundwater from the extraction operation is
controlled by the use of containment piping with sensors to detect leaks. This
would provide adequate control of contaminated groundwater leaking onto the site.
The treatment plant has been constructed within a curbed area capable of storing
all the groundwater from the largest vessel and it has alarms and sensors that would
shut down the system if it detected the presence of water at a predetermined level.

Reliability of Controls: All of the treatment technologies considered are reliable
technologies. The treatment plant has been designed with many safety interlocks,
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alarms and controls that provide adequate warnings to the plant operators if and
when certain process or other external failures do occur. Regular O & M, with the
necessary replacement of defective components (pumps, switches, transducers,
etc.) from the onsite spare parts inventory has allowed for a very reliable operation
experience over the past two years. Redundancy has been built into the system
with extra pieces of critical components (spare blowers and pumps) that provide a
very high reliability of controlling long-term risk.

Reduction of Toxicityr Mobility, or Volume through Treatment

This alternative does provide for significant reduction of toxicity, mobility and volume of the
contaminant plume. All the organic contaminants in the extracted groundwater are either
destroyed by catalytic oxidation or are collected on liquid phase carbon (GAC). When the carbon
is regenerated, the organic contaminants would be converted to carbon dioxide, water and
hydrochloric acid, thereby eliminating the toxicity. The extraction system for this alternative has
been designed to capture all of the contaminated groundwater up to a saturated zone depth of 375
feet, which would eliminate the mobility of the contaminants in the environment and thus reduce
the volume of the contaminant plume.

Implementability

• Technical Feasibility: All the technologies for implementation of this alternative
are very well established. However, this alternative does involve numerous
process steps that must be properly executed. In addition, skilled operators are
needed to properly operate and maintain the treatment system.

• Administrative Feasibility: The interim remedy groundwater treatment plant has
already been built within the existing boundaries of the Chemsol site and has been
in operation with discharge to the MCUA POTW for the past two years. All of the
construction for the Stream 1A discharge option has already been completed even
though that mode of operation is currently not in use. The 55 gpm groundwater
extraction rate is just slightly more than the capacity of the treatment plant (50 gpm
nominal rate) as designed. It is anticipated that the existing plant can operate
properly at this flow rate. Although the POTW discharge option is currently
permitted and being utilized (although at a lower flow rate), future operating costs
for MCUA discharge may increase significantly based on a projected increasing
scale of discharge fees and the higher flow rate. The new expanded groundwater
extraction system would have to be installed in trenches dug after completion of the
source control (soil) remedy. The treated water effluent piping has already been
installed. The future installation of a buried influent pipe can be expected to
require a modest amount of administrative effort in obtaining the necessary
approvals and coordination with EPA, NJDEP and local engineering and public
works departments. An estimated 2085-foot pipeline network to the treatment
plant from wells C-l, C-2, TW-4, TW-5, TW-8 and DMW-9 would have to be
installed on presently remote and unused portions of the Chemsol Lot 1A and Lot
IB property. A portion of this buried pipeline may have to cross areas designated
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as wetlands. It is estimated that approximately 0.096 acres of wetlands could
potentially be disrupted through implementation of this alternative. Furthermore,
it is anticipated that operation of the augmented extraction system will not
significantly impact the wetlands hydrology of the site, since additional
groundwater will be extracted from deep zones within the bedrock.

Availability of Services and Materials: Almost all of the services and materials
needed to implement this alternative already exist at the site. Those that do not
currently exist are readily available commercially.

Costs

The net present worth of this alternative, calculated at a 5 % discount rate is estimated to be
$10,699,000 (for Option A) and $12,169,000 (for Option B).

• Capital Cost: The capital cost for this alternative is estimated to be $390,189 (for
both options).

• Q & M Cost: The annual operating and maintenance costs for this alternative are
estimated to be $670,892 (for Option A) and $766,336 (for Option B) and include
a periodic review of the site conditions every five years for an estimated thirty
years period.

A summary of the details of the cost estimate for this alternative is given in Tables 4-3 (A and
B).

Compliance with ARARs

This alternative would not meet chemical-specific Federal and State ARARs for the organic
contaminants in all of the groundwater beneath the site. Although extracted groundwater would
be treated to meet Federal and State ARARs, it is estimated that many of the remediation goals
would be attained over a long period of time. As stated earlier, the water quality in the fractured
bedrock aquifer is not expected to be restored to below MCLs or background levels for at least
several decades due to the potential presence of DNAPLs. This alternative is expected to meet
location-specific and action-specific Federal and State ARARs.

Overall Protection of Human Health and the Environment

The extraction system for this alternative has been designed to capture all of the contaminated
groundwater upto a saturation zone depth of 375 feet which would eliminate the mobility of the
contaminants in the environment and thus reduce the volume of the contaminant plume.
Completion of the remedial action is not anticipated for at least several decades, so all potential
health risks to humans or the environment from the organic contaminants would not be completely
eliminated for a very long time. This alternative uses reliable, well established technologies and
is very effective in protecting potential risks to human health and the environment.
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State Acceptance

Not addressed at this time.

Community Acceptance

Not addressed at this time.

4.4 TIF.TAn.P3) ANALYSES OF SOIL ALTERNATIVES

4.4.1 ALTERNATIVE S-l: NO ACTION

Description:

This alternative includes a single sampling event (consisting of representative samples of drummed
waste and stockpiled soils), transportation and offsite disposal of drummed waste and stockpiled soil,
and a review of site conditions at the end of five years to determine whether or not the contamination
in the vadose zone soils has spread both horizontally and vertically. If necessary, appropriate action
would be considered at that time. As stated earlier, the no further action alternative is required by
the NCP to serve as a basis for comparison with other alternatives. These drummed wastes were
collected and staged onsite during the various investigations performed by Malcolm Pimie and CDM
Federal for EPA and by McLaren Hart for a group of potentially responsible parties. The soils that
are stockpiled north of the interim groundwater remedy treatment plant are from various construction
activities performed by McLaren Hart: soils and concrete debris from excavation of the former
westernmost foundation slab, from the walls and bottom of the pit that was created during the
removal of the former UST, and from grading of the soils during the construction of the
decontamination pad and the paved area in front of the treatment plant building. A total of 368 drums
containing well cuttings, Baker tank sediment, personal protective equipment, plastic sheeting, hose
and tubing, and miscellaneous solid waste are stored at the site. Approximately 1,450 cubic yards
of covered stockpiled soils are also present. It is estimated that ten samples each will be collected
from the stockpile and from the drummed wastes. All samples would be analyzed for RCRA
characteristics of ignitability, corrosivity and reactivity and TCLP parameters.

Analysis:

Short-Term Effectiveness

This alternative would not remediate the contaminated vadose zone surface soils at the site. No
construction activities are associated with this alternative so it does limit ingestion and inhalation
of contaminants from either the surface soils or groundwater. The workers performing the
sampling and offsite disposal of the drummed wastes and the stockpiled soil would have health and
safety training and use appropriate health and safety protocols to minimize any unacceptable
exposure to the contamination by inhalation, direct contact or ingestion. However, there are still
short-term risks to site workers from the drummed wastes, contaminated stockpiled soils,
contaminated vadose zone soils and volatilization of organics from the ground into the air.
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Long-Term Effectiveness and Permanence
f

• Magnitude of Residual Risks: Naturally occurring biological organisms would
degrade some of the contaminants in the vadose soils, especially some of the
hydrocarbons like benzene, toluene, ethylbenzene, and xylene. The limited
attenuation (i.e. bonding ability of contaminants to vadose soils) would not prevent
the migration of contaminants to the groundwater. The leaching of contaminants
from the soils into water percolating through the vadose soils would provide some
reduction in the concentration of the contaminants on the soils. This leaching is
not expected for PCBs which are more tightly bound to the soils. The residual
contaminants would still present ingestion, direct contact and inhalation exposure
pathways to the site workers. Risks contributed by the presence of investigation
derived wastes would be decreased significantly or eliminated.

• Adequacy of Controls: The onsite locations for some of the vadose zone soil
contamination at Chemsol are near the border with neighboring properties (near the
southern boundary); therefore, it is possible that contaminated soils could be
transported off the Chemsol property during storm events during the five years
before the NCP mandated review occurs. No controls are included in this
alternative that would reduce the exposure pathways for site workers.

• Reliability of Controls: The sampling results from the groundwater monitoring
(under the groundwater no action alternative) would qualitatively determine if the
rate of transport from the vadose zone to the groundwater is changing. The
workers performing the sampling and offsite disposal of the drummed wastes and
the stockpiled soil would have health and safety training and use appropriate health
and safety protocols to minimize any unacceptable exposure to the contamination
by inhalation, direct contact or ingestion. The sampling event does include ambient
air monitoring with dust monitors and a photoionization detector, so the actual
risks to site workers from the contaminants would be determined and controlled
with the use of personal protective equipment.

Reduction of Toxicityr Nfohility,. or Volume through Treatment

This alternative does not involve any containment or removal of contaminants from the surface
soil. It does provide for some limited treatment of the vadose soils by the naturally occurring
biological processes and the washing of the soils by rainwater that percolates through the vadose
soils. These biological processes would convert some of the organic contaminants like benzene,
toluene, ethylbenzene and xylene to carbon dioxide, chlorides, and water; thereby, partially
reducing the toxicity of the vadose soils. The rainwater that percolates through the vadose zone
will mobilize some of the contaminants and potentially increase the volume of soil that is
contaminated.
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Implementability

Technical Feasibility: This alternative only requires using conventional
transportation equipment for offsite disposal and standard sampling and analytical
methods to implement; therefore it is very easy to implement.

Administrative Feasibility: The locations of the stockpiled soil and the drummed
wastes are on the Chemsol property (Lot IB). Until the sampling and disposal
event occurs, the only administrative task would be to protect the integrity of the
containment for these investigation derived wastes. These tasks are very simple to
implement. The compliance status of the facility accepting these wastes would
have to verified by EPA and NJDEP before sending them offsite.

Availability of Services and Materials: All the services needed to implement this
alternative are readily available.

Costs

The net present worth of this alternative, calculated at a 5 % discount rate is estimated to be
$388,660.

• Capital Cost: The capital cost associated with this alternative is $338,660.

• O & M Cost: The annual operating and maintenance costs for monitoring and the
preparation of the report at the end of five years have been included under the no
action alternative for groundwater.

A summary of the details of the cost estimate for this alternative is given in Table 4-4.

Compliance with ARARs

This alternative does not meet chemical-specific Federal and State ARARs for the vadose zone
surface soils at the present time and this situation is not expected to change for many years. Since
there is no active remedial action associated with this alternative, action-specific ARARs do not
apply.

Overall Protection of Human Health and the Environment

This alternative relies on natural biological reactions and washing of the vadose soils with
rainwater to reduce the concentration of contaminants in the soils to chemical-specific ARARs.
There are limited short-term and long-term risks to site workers by potential contact with the
contaminants by ingestion, direct contact and inhalation. There is no short-term adverse impact
to the environment, but, over time, some of the contaminants present will continue to adversely
impact the groundwater.
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State

Not addressed at this time.

Community Acceptance

Not addressed at this time.

4.4.2 ALTERNATIVE S-2A: CAPPING WITH SOIL

Description:

The major features of this alternative include a deed restriction pertaining to the use of groundwater
and the construction of a single layer soil cap. This alternative also includes a single sampling event
(consisting of representative samples of drummed waste and stockpiled soils) and transportation and
offsite disposal of drummed waste and stockpiled soil that was described under the No Action
alternative. After the remedy is completed, a review of site conditions at the end of every five years
would be performed as required under the NCP for at least a thirty year period. This is necessary
because the contaminated soil would remain in place at the site indefinitely. Annual maintenance of
the cap would also have to be performed.

In addition to the deed restriction concerning the use of groundwater, this alternative would require
that no intrusive activities be performed on the capped area in order to ensure the integrity of the cap.
This feature allows for many residential type uses of the property, such as for recreational purposes
as a park or playground among others. However, unrestricted use would not be permitted.
Construction of residences would also not be permitted. This is consistent with the remedial action
objectives described earlier in Section 2.3. It is estimated that the capped area would cover
approximately 12 acres of the Chemsol property and would include almost all of Lot IB east of the
groundwater treatment plant fence plus an adjacent small portion of Lot 1 A. Under this alternative,
a single layer soil cap consisting of 12 inches of clean fill and 6 inches of topsoil would be used to
cover the contaminated surface soil. This clean common fill must satisfy NJ soil cleanup criteria for
residential use. The topsoil would be seeded to prevent erosion. This alternative would require
clearing and grubbing of the shrubs and vegetation and rough grading before the installation of the
cover materials and the performance of annual maintenance for at least thirty years.

Analysis:

Short-Term Effectiveness

This alternative would contain the soils at the site. Construction activities such as clearing and
grubbing and rough grading are associated with this alternative so it does not limit exposure to
contaminants from the surface soils. The workers performing the sampling and offsite disposal
of the drummed wastes and the stockpiled soil, as well as the cap construction would have health
and safety training and use appropriate health and safety protocols to minimize any unacceptable
exposure to the contamination by inhalation, direct contact or ingestion. However, there are still
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short-term risks to site workers from the drummed wastes, contaminated stockpiled soils,
contaminated vadose zone soils and volatilization of organics from the ground into the air.

Long-Term Effectiveness and Permanence

• Magnitude of Residual Risks: The contaminated soil would remain in place at the
site indefinitely. Annual maintenance of the cap would also have to be performed.
Naturally-occurring biological organisms would degrade some the contaminants in
the vadose soils, especially some of the hydrocarbons. The limited attenuation
would not prevent the migration of contaminants to the groundwater. The leaching
of contaminants from the soils into water percolating through the vadose soils
would provide some reduction in the concentration of the contaminants on the
soils. The risk of direct contact would be eliminated as long as the cap is properly
maintained. In the event that deed restrictions are violated and the integrity of the
cap is breached, the residual contaminants would then present ingestion, direct
contact and inhalation exposure pathways to the persons present at the site.

• Adequacy of Controls: The installation of the cap would prevent contaminated
soils from being transported off the Chemsol property during storm events. There
would not be any appreciable reduction in the mobility of the contaminants because
the soil cap would permit infiltration of precipitation into the contaminated soil.
Therefore, volatile and semivolatile organics and some inorganics present in the
vadose zone surface soils could eventually be flushed into the groundwater.
However, PCBs are expected to remain tightly bound to the soil particles.

• Reliability of Controls: Capping is a well established technology to prevent the
threat of direct contact with contaminated soil. Violent storm events like tornadoes
could potentially erode the cap and expose the contaminated material.

Reduction of Toxicity, Mobility r or Volume through Treatment

This alternative does not involve any removal of contaminants, it only provides containment. It
does provide for some k'mited treatment of the vadose soils by the naturally-occurring biological
processes. These biological processes would convert some of the organic contaminants to carbon
dioxide, chlorides, and water; thereby, partially reducing the toxicity of the vadose soils. There
would not be any appreciable reduction in the mobility of the contaminants because the soil cap
would permit infiltration of precipitation into the contaminated soil. No change in volume is
expected.

Implementability

• Technical Feasibility: This alternative is technically feasible to implement because
it only requires maintenance of the integrity of the cap. Off site disposal of the
investigation derived waste is also technically feasible.
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Administrative Feasibility: Permit equivalents from the Corps of Engineers, State
and local entities may be required because some construction may have to be
performed in areas designated as wetlands. This may require a moderate
administrative effort to show that the protection offered by the cap justifies limited
construction activity in portions of the wetland area. It is anticipated that
approximately 2.5 acres of wetlands could potentially be disrupted through
implementation of this alternative.

Availability of Services and Materials: All the services needed to implement this
alternative are readily available.

Costs

The net present worth of this alternative, calculated at a 5 % discount rate is estimated to be
$1,894,000.

• Capital Cost: The capital cost associated with this alternative is $1,855,850.

• O & M Cost: The annual operating and maintenance cost for cap maintenance for
a thirty year period is estimated at $2,000. Costs for the five year reviews are
included under the groundwater alternatives.

A summary of the details of the cost estimate for this alternative is given in Table 4-5.

Compliance with ARARs

This alternative does not meet chemical-specific Federal and State ARARs for the soils at the
present time and this situation is not expected to change for many years. Partial waivers for
location specific ARARs may be required due to the need for limited construction in wetland
areas. Since there is a containment remedial action associated with this alternative, some action
specific ARARs do apply and will be met.

Overall Protection of Human Health and the Environment

This alternative relies on containment to prevent the risks associated with direct contact. Natural
biological reactions and washing of the vadose soils with rainwater could occur. This is not
expected to happen for PCBs. There are limited short-term risks (during construction) and long-
term risks (if the integrity of the cap is breached) to site workers by potential contact with the
contaminants by ingestion, direct contact and inhalation. There is no short-term adverse impact
to the environment, but, over time, some of the contaminants will continue to adversely impact
the groundwater.

State Acceptance

Not addressed at this time.
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Community Acceptance

Not addressed at this time.

4.4.3 ALTERNATIVE S-3: EXCAVATION AND OFFSITE DISPOSAL

Description:

The major features of this remedial alternative include excavation of all the surface soil contaminated
with PCBs and lead, transport and disposal at a licensed and approved non-TSCA disposal facility,
backfilling the excavated area with imported clean fill from an offsite location, and covering the fill
with topsoil and seeding the remediated area. A non-TSCA disposal facility has been assumed, since
only one soil sample from the RI exhibited a PCB concentration above 50 mg/kg.

This alternative also includes a single sampling event (consisting of representative samples of
drummed waste and stockpiled soils) and transportation and offsite disposal of drummed waste and
stockpiled soil that was described under the No Further Action alternative. Under this alternative,
18,500 cubic yards of contaminated surface soil (up to a depth of two feet below grade) would be
excavated using conventional earthmoving equipment. The construction activities would require
using procedures to minimize dust formation and would also require monitoring the air at the
perimeter of the work area for dust, PCBs, lead and volatile organic compounds. These measures
would further reduce the likelihood of exposure of site workers to unacceptable levels of
contaminants at the site. The excavated area (approximately 5.73 acres) would be backfilled using
imported clean common fill from an offsite location, rough graded and compacted to a depth of 18
inches This clean common fill must satisfy NJ soil cleanup criteria for residential use. This would
be followed by a 6 inch cover of topsoil which would then be seeded to prevent erosion. It is
estimated that approximately 225 samples of the excavated material would be required to comply
with NJDEP waste classification requirements. These samples would be analyzed for PCBs and lead.
Previous sampling during the remedial investigation has shown these soils to be non-hazardous for
the toxicity characteristic based on TCLP tests.

Analysis:

Short-Term Effectiveness

This alternative would remediate the vadose soils at the site to the chemical-specific ARARs for
the organic and inorganic contaminants. The workers performing the excavation and backfilling
would have health and safety training and use appropriate health and safety protocols to minimize
any unacceptable exposure to the contaminants by inhalation, direct contact or ingestion. The
construction activities would require using procedures to minimize dust formation and would also
require monitoring the air at the perimeter of the work area for dust, PCBs, lead and volatile
organic compounds. These measures would further reduce the likelihood of exposure of site
workers to unacceptable levels of contaminants at the site. However, there are still short-term
risks to site workers from the drummed wastes, contaminated stockpiled soils, contaminated
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vadose zone soils and volatilization of organics from the ground into the air. There is also a
potential risk of exposure for the surrounding community if an accident were to occur during
transportation to the approved disposal facility. These risks can be minimized by following all DOT
requirements and following safe work practices.

Long-Term Effectiveness and Permanence

• Magnitude of Residual Risks; Long-term risks do not exist at the Chemsol site for
this alternative because all the contaminated material would be permanently
removed.

of Controls: The removal and off site disposal alternative only requires
monitoring and engineering controls during implementation. After completion of
the remedial action, no controls are necessary and the site can be used for
residential purposes.

• Reliability of Controls: The technologies under this alternative are very reliable.
However, there is always a long-term uncertainty (at the offsite disposal location)
associated with land disposal.

Reduction of Toxicityr Mobility,, or Volume through Treatment

This alternative does provide for reduction of toxicity, mobility and volume of the contaminated
vadose soils at the site. Since the contaminated soil is physically removed from the site the
maximum contaminant reduction is achieved. The volume of the vadose soils at the site that would
contain contamination above the chemical-specific ARARs would be essentially zero at the end
of the remedial action.

Implementahility

• Technical Feasibility: This alternative is technically feasible because excavation
and backfilling are well established technologies.

• Administrative Feasibility: Because this activity involves removal of contaminated
media from a Superfund site, prior approvals will have to be obtained from EPA and
NJDEP. Also, verification of the current approved status of the disposal facility that
will be receiving the material would have to be performed. State and local
construction permit equivalencies will have to be obtained. All of these activities may
be expected to require a modest amount of administrative effort. As with Alternative
S-2 A, implementation of this alternative may potentially involve the disruption of
approximately 1.5 acres of wetlands.

• Availability of Services and Materials: All the services and materials needed to
implement this alternative are readily available commercially.
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Costs

The net present worth of this alternative, calculated at a 5 % discount rate is estimated to be
$5,573,000.

• Capital Cost: The capital cost is estimated at $5,573,000.

• O & M Cost: There is no annual operating and maintenance cost for this
alternative.

A summary of the details of the cost estimate for this alternative is given in Table 4-6.

Compliance with ARARs

This alternative would meet chemical-specific, location-specific and action-specific Federal and
State ARARs for the contaminants in the vadose soils.

Overall Protection of Human Health and the Environment

Upon completion of the remedial action for this alternative, all risks to the public health or the
environment from organic and inorganic contaminants would be eliminated because the vadose
soils would be restored to contaminant levels at or below the Federal and State chemical-specific
ARARs.

State Acceptance

Not addressed at this time.

Community Acceptance

Not addressed at this time.

4.4.4 ALTERNATIVE S-4(A AND B): EXCAVATION AND ONSITE LOW
TEMPERATURE THERMAL DESORPTION OF PCB CONTAMINATED SOIL
WITH ONSITE SOLIDIFICATION / OFFSITE DISPOSAL OF LEAD
CONTAMINATED SOIL

Description:

The major features of this remedial alternative include excavation of all the surface soil
contaminated with PCBs and lead, onsite treatment of PCB contaminated soil with low
temperature thermal desorption (LTTD), onsite solidification/stabilization (Option A) or transport
and offsite disposal at a licensed and approved non-TSCA disposal facility (Option B) of lead
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contaminated soil, backfilling the excavated area with treated soil and solidified mass, and
covering the filled area with topsoil and seeding the remediated area.

This alternative also includes a single sampling event (consisting of representative samples of
drummed waste) and transportation and offsite disposal of drummed waste that was described
under the No Further Action alternative. Before implementing this alternative, a treatability
study would have to be performed during the remedial design phase in order to develop and
establish optimal operating conditions for LTTD. These would be further refined during actual
onsite operations as necessary.

This alternative will require that the open field portion of Lot IB immediately north of the current
above ground influent groundwater pipe and east of the treatment plant fence (near soil borings
48 and 49 on Figure 2-2) be used as the LTTD treatment area. This is the most practical and
convenient location that is completely outside the area to be excavated and it is sufficiently far
away from the residences on Hanover street. It is also readily accessible to other areas of the site
using existing dirt roads. The entire operation would be conducted within the Lot IB fence (with
minor exceptions outside the southern and eastern fence). The heavy equipment entering and
leaving the site will use the existing decontamination facilities at the end of Fleming Street.

Under this alternative, 18,500 cubic yards of contaminated surface soil (up to a depth of two feet
below grade) would be excavated using conventional earthmoving equipment. The PCB
contaminated surface soil (17,303 cubic yards) would be combined with 1450 cubic yards of the
stockpiled soil and 46 cubic yards of well cuttings stored onsite from the various investigations
described earlier. These soils would undergo screening (to separate any metallic debris, rocks and
tree limbs) to prepare the feed material for onsite LTTD treatment. LTTD would be performed
onsite at the rate of 60 tons/hour for 24 hours/day for 6 days/week till all the contaminated soils
are processed. The soils would be treated in a primary treatment unit at temperatures of 500-1000
°F. The desorbed contaminants (primarily PCBs and other organics) would be destroyed in a
secondary treatment unit at temperatures ranging from 1400-1800 °F. The portion of the soil that
has both PCBs and lead (1,896 cubic yards) would be run separately through the treatment system.
After LTTD treatment this portion of the PCB and organic free soil (but still containing lead)
would be combined with approximately 1,185 cubic yards of lead contaminated soil. These 3,081
cubic yards would be mixed with an appropriate amount of the solidification/stabilization agent
(like portland cement or other proprietary material) onsite (Option A) or undergo transport and
offsite disposal at a licensed and approved non-TSCA disposal facility (Option B). The excavated
area (approximately 5.73 acres) would be backfilled using the treated soils (for both options) and
the solidified mass (for Option A only) and be compacted and rough graded. This would be
followed by a 6 inch cover of topsoil which would then be seeded to prevent erosion. It is
estimated that approximately 31 samples of the excavated material for offsite disposal would be
required to comply with NJDEP waste classification requirements. These samples would be
analyzed for lead and any other parameters required by the disposal facility. Previous sampling
during the remedial investigation has shown these soils to be non-hazardous for the toxicity
characteristic based on TCLP tests. Approximately 160 confirmatory samples would also be
collected from the perimeter of the excavated area to verify that all PCB and lead contaminated
surface soils have been properly excavated. During the operation of the LTTD unit, another 301
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samples will be collected and analyzed for PCBs to ensure thorough and complete treatment to
cleanup standards before the material is backfilled.

Analysis:

Short-Term Effectiveness

This alternative would remediate the vadose soils at the site to the chemical-specific ARARs for
lead, PCBs and other organic contaminants. The workers performing the excavation and
backfilling work, installation and operation of the LTTD unit, and the solidification / stabilization
operation would have health and safety training and use appropriate health and safety protocols
to minimize any unacceptable exposure to the contaminants by inhalation, direct contact or
ingestion. The construction activities would require using procedures to minimize dust formation
and would also require monitoring the air at the perimeter of the work area for dust, PCBs, lead
and other organic compounds. These measures would further reduce the likelihood of exposure
of site workers to unacceptable levels of contaminants at the site. However, there are still short-
term risks to site workers from the drummed wastes, contaminated stockpiled soils, contaminated
vadose zone soils and volatilization of organics from the ground into the air. There is also a
potential risk of exposure for the surrounding community if an accident were to occur during
transportation to the approved disposal facility. These risks can be minimized by following all DOT
requirements and following safe work practices.

Long-Term Effectiveness and Permanence

• Magnitude of Residual Risks: Moderate risk exists for site workers from potential
inhalation of vapors from the LTTD unit. The risk from inhalation of vapors
should be mitigated by the use of a secondary chamber that oxidizes all the organic
compounds to carbon dioxide, water and hydrochloric acid. The long term risk to
site workers from the pathways of ingestion, direct contact, and inhalation would
be eliminated once the remedial action is completed.

• Adequacy of Controls: This type of equipment has a trained operating staff at all
times. In the event of any equipment failure there would always be staff to deal
with the problem.

• Reliability of Controls: The use of full time staff would maintain complete control
over proper operation of the unit.

Reduction of Toxicity, Mobility, or Volume through Treatment

This alternative does provide for reduction of toxicity, mobility and volume of the contaminated
vadose soils at the site. All the PCBs and other organic contaminants would be oxidized to carbon
dioxide, water and hydrochloric acid and the lead would be either immobilized (Option A) or
physically removed from the site (Option B). This would eliminate the toxicity from those
compounds. The volume of the vadose soils that would contain organic and inorganic
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contamination above the chemical-specific ARARs would be essentially zero at the end of the
remedial action.

Implementability

• Technical Feasibility: In order to implement this alternative it is necessary to
conduct a vendor treatability test to confirm the operating temperatures and
residence time in the chambers needed to achieve the soil cleanup standards. The
technology has been used at numerous Superfund sites and should be effective in
treating the soils at the Chemsol site.

• Administrative Feasibility: This alternative requires coordination of the location
and installation of the LTTD unit. The emissions from the LTTD unit would need
to satisfy the substantive requirements of an air permit. As with the prior
alternatives that have been described, implementation of this alternative may
potentially involve the disruption of approximately 1.5 acres of wetlands.

• Availability of Services and Materials: All the services needed to implement this
alternative are commercially available, but scheduling the availability of a LTTD
unit may delay achieving a desired start date because the equipment is in demand.
It is anticipated that the alternative can be implemented in one construction season.

Costs

The net present worth of this alternative, calculated at a 5 % discount rate is estimated to be
$11,963,000 (for Option A) and $12,242,000 (for Option B).

• Capital Cost: The capital costs of the options for this alternative are estimated to be
$11,963,000 (Option A) and $12,242,000 (Option B), respectively.

• Q & M Cost: There is no annual operating and maintenance cost since this
alternative is completed in less than a year.

A summary of the details of the cost estimate for this alternative is given in Tables 4-7(A and B).

Compliance with ARARs

This alternative would meet chemical-specific, location-specific and action-specific Federal and
State ARARs for the organic and inorganic contaminants in the vadose soils.

Overall Protection of Human Health and the Environment

Upon completion of the remedial action for this alternative all risks to the pubbc health or the
environment from organic and inorganic contaminants would be eliminated because the vadose
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soils would be restored to contaminant levels at or below the Federal and State chemical-specific
ARARs.

State

Not addressed at this time.

Community Acceptance

Not addressed at this time.
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'5.0 COMPARATIVE ANALYSES OF ALTERNATIVES

This section provides an overall comparison among the various remedial alternatives examined in
Sections 4.3 and 4.4. The sensitivity of the cost estimates for source control (soil) alternatives to
various factors such as the soil treatment costs and soil volumes are also presented in this section. The
sensitivity of the cost estimates for groundwater alternatives to various factors such as the extraction
flow rates and POTW discharge fees are implicit within the range of developed alternatives. Costs
for groundwater treatment plant operation and POTW discharge fees are based on information
provided by private parties that are currently operating the interim groundwater remedy treatment
plant.The sensitivity of the cost estimates for groundwater alternatives to various treatment time
frames are also presented in this section.

5.1 COMPARISON AMONG GROUNPWATER ALTERNATIVES

5.1.1 SHORT-TERM EFFECTIVENESS

All the groundwater alternatives selected for detailed evaluation provide short-term effectiveness in
protecting the site workers and neighboring communities from the risks due to ingestion and
inhalation of VOCs. Alternatives GW-2(A and B) and GW-5(A and B) would pose a low level risk
to site workers during construction; however, this risk can be managed by use of appropriate health
and safety measures.

5.1.2 LONG-TERM EFFECTIVENESS AND PERMANENCE

• Magnitude of Residual Risks: Alternative GW-1 provides the least amount of long-
term protection to site workers and neighboring communities. These risks are
minimal for site workers because administrative controls on the Chemsol site would
prevent completion of exposure pathways from the groundwater to site workers.
Alternatives GW-2(A and B) and GW-5(A and B) do provide varying amounts of
containment of the contaminated groundwater, so long term risks to neighbouring
communities would be considerably reduced. However, none of these alternatives are
expected to restore the quality of the groundwater to chemical-specific ARARs for
a very long time due to the potential presence of DNAPLs, so some long-term risks
to site workers and neighboring residences would remain indefinitely. Alternatives
GW-2(A and B) and GW-5(A and B) do entail a risk to site workers from potential
inhalation of vapors in the treatment plant, however preventive measures have been
incorporated into the design. Alternatives GW-2(A and B) and GW-5(A and B)
produce a filter cake that needs to be disposed of as a hazardous or non-hazardous
waste. This waste results in some risk to the environment but should be minimized
by proper disposal practices.

• Adequacy of Controls: Alternative GW-1 provides the least amount of controls for
protection of human health and the environment. It does provide for annual
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monitoring of the contaminated groundwater. Alternatives GW-2(A and B) and GW-
5(A and B) have well designed controls that are expected to prevent releases of VOCs
to the air and prevent discharges of contaminated groundwater over the life of these
alternatives.

Reliability of Controls: Alternative GW-1 provides no physical control of the
contaminated groundwater; it only provides for monitoring of the plume.
Alternatives GW-2(A and B) and GW-5(A and B) both provide for annual monitoring
and physical control over the contaminated groundwater. The sampling and analyses
of the groundwater is a reliable method to confirm the degree of remediation that has
been completed. All of the technologies used in Alternatives GW-2(A and B) and
GW-5(A and B) are very reliable.

5.1.3 REDUCTION OF TOXICTTY, MOBILITY, OR VOLUME THROUGH TREATMENT

Alternative GW-1 relies on biological processes and dilution to reduce the toxicity of the
groundwater; it does not reduce the mobility of the contaminants except for minor retardation by the
adsorption and desorption from aquifer formation material particles, and it results in an increase in
the volume of the contaminated groundwater. Alternatives GW-2(A and B) and GW-5(A and B)
reduce the toxicity and volume of contamination from the extracted groundwater. The mobility of
the contaminants is completely controlled by the pump-and-treat alternatives to the extent that the
groundwater is within the capture zone of the wells.

5.1.4 IMPLEMENTABnjTY

Technical Feasibility: All the alternatives are technically feasible but Alternatives
GW-2(A and B) and GW-5(A and B) require skilled operators to successfully
implement the remedy. All of the technologies used are well established.

• Administrative Feasibility: All the alternatives are administratively feasible. The
required activities for the pump-and-treat alternatives would occur on Chemsol
property. The treatment plant for the interim remedy has already been built and has
been in operation since September 1994 with the discharge to the MCUA POTW.
The effluent line for the discharge to Stream 1A has also been installed even though
it is not currently being used. The pump-and-treat alternatives require substantive
compliance with specified treated water discharge limits and an air emissions permit.
Alternative GW-1 involves the least administrative effort since it only requires
protecting the integrity of the monitoring wells for the thirty year period and
completion of one annual sampling event.

• Availability of Services and Materials: All the services needed to implement the
alternatives already exist. The pump-and-treat alternatives require the most services
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since they require operation of the treatment train and offsite disposal of the filter
cake.

5.1.5 COSTS

The net present worth of Alternative GW-1 is the lowest at $912,000 and the highest present worth
cost is for Alternative GW-5B at $12,169,000. Alternative GW-1 has no capital cost and Alternatives
GW-5(A and B) both have the highest identical capital cost of $390,189. Alternative GW-1 has the
least annual O & M cost of $59,336 and Alternative GW-5B has the highest annual O & M cost of
$766,336 due to anticipated costs for biotreatment.

5.1.6 COMPLIANCE WITH ARARs

None of the groundwater alternatives are expected to restore the water quality to below chemical
specific ARARs within the fractured bedrock aquifer because of the potential presence of DNAPLs.
However, Alternative GW-1 relies on natural attenuation processes such as dispersion and
biotransformation to restore groundwater quality as compared with other groundwater alternatives
based on active treatment processes and hence it would take much longer to show any noticeable
improvement. The pump-and-treat alternatives GW-2A and GW-5A are expected to achieve
chemical-specific ARARs for the treated water before it is discharged and for the air emissions before
they are released. For alternatives GW-2B and GW-5B, current knowledge based on the pre-design
treatability studies conducted by McLaren Hart, indicates that all of the NJPDES-DSW permit
conditions are not satisfied by the potential effluent that would be generated by the four step
treatment train including air stripping, aerobic mixed growth biotreatment, filtration and activated
carbon adsorption. Further study using groundwater leaving the full scale air strippers may show
different results from the treatability study which was based on non-pumping conditions.

5.1.7 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Alternative GW-1 does not contain the plume and relies on natural attenuation processes such as
dispersion and biotransformation to improve groundwater quality, therefore, it is expected to be the
least protective of human health and the environment. All of the other groundwater alternatives
better protect human health and the environment by containing varying amounts of the most
contaminated groundwater beneath the site. Alternative GW-5 is the most protective beause it is
expected to capture contaminated groundwater from all depth zones.

5.1.8 STATE ACCEPTANCE

Not addressed at this time.

5.1.9 COMMUNITY ACCEPTANCE

Not addressed at this time.
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5.2 COMPARISON AMONG SOIL ALTERNATIVES

5.2.1 SHORT-TERM EFFECTIVENESS

Alternative S-l does not involve any construction so it limits the risks associated with ingestion,
direct contact and inhalation of contaminated soils. Alternatives S-2A, S-3, and S-4(A and B) do
involve construction activities that would pose a low level risk of exposure to the soils by ingestion,
direct contact and inhalation to site workers; however, this risk can be managed by appropriate health
and safety measures.

5.2.2 LONG-TERM EFFECTIVENESS AND PERMANENCE

• Magnitude of Residual Risks: Alternative S-l provides the least amount of long-
term protection to site workers and neighboring communities. These risks are not
large because administrative controls on the Chemsol site would minimize exposure
pathways from the soils to site workers. The potential for contaminated soil to
migrate to neighboring communities is small given that most of the contamination is
located in the eastern and southern part of Lot IB. During violent weather conditions
contaminated soil could migrate offsite, especially in the area adjacent to the railroad
property south of the site. For Alternative S-2A the magnitude of the residual risk is
reduced because the cap eliminates the threat of direct contact. However, since the
contaminants remain onsite, the risk is not totally eliminated. For Alternatives S-3
and S-4(A and B), there is virtually no residual risk because the contaminated material
is either disposed of offsite or treated onsite.

Adequacy of Controls: Alternative S-l provides the least amount of controls for
protection of human health and the environment. Alternative S-2A provides for
annual maintenance of the cap and therefore provides adequate control of the risk.
Alternatives S-3 and S-4(A and B) provide engineering controls based on reliable
technologies during the implementation of the remedial action. After the remedy is
completed no controls are necessary.

Reliability of Controls: Alternative S-l provides no physical control of the
contaminated soils including any type of land use restrictions. Alternative S-2A
provides for both physical (cover material) and administrative controls (deed
restrictions). Alternatives S-3 and S-4 (A and B) use reliable technologies to control
risks; however, there is always a long term uncertainty (at the offsite disposal facility)
associated with land disposal.

5.2.3 REDUCTION OF TOXICTTY, MOBILITY, OR VOLUME THROUGH TREATMENT

Alternatives S-l and S-2A rely on biological processes and washing of the soils by infiltration of
rainwater to reduce the toxicity of the soils; they do not reduce the mobility of the contaminants
except for minor retardation by the adsorption and desorption from soil particles, and both
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alternatives do not reduce the volume of the contaminated soil. Alternatives S-3 and S-4(A and B)
provide for physical removal of the contaminated material and the maximum reduction in toxicity and
mobility. Also, there is virtually zero volume of contaminants above the chemical-specific ARARs
remaining onsite after completion of the remedy.

5.2.4 IMPLEMENTABILITY

Technical Feasibility: All the alternatives are technically feasible but Alternatives S-
4(A and B) require a treatability study to obtain design parameters for the full scale
system. Alternatives S-4(A and B) are the most technically complex of the retained
alternatives but the technologies used have been demonstrated to be successful at
numerous hazardous waste sites.

• Administrative Feasibility: Except for offsite disposal, all of the activities for all the
alternatives would occur on Chemsol property. Alternatives S-4(A and B) have the
most complex administrative issues because of the quantity of equipment that needs
to be set up at the site and the need to provide substantive compliance with an air
emissions permit. Alternative S-3 would also require substantive compliance with
construction permits from the State and local officials and the verification of the
current approved status of the disposal facility. Alternative S-1 requires the least
effort and is the easiest to implement.

Availability of Services and Materials: All the services needed to implement the
alternatives are readily available. Alternative S-4(A and B) requires a mobile or
transportable low temperature thermal desorption unit which often requires a long
lead time (four to six months) to schedule mobilization at the site.

5.2.5 COSTS

The net present worth of Alternative S-1 is the lowest at $388,660 and the highest present worth cost
is for Alternative S-4B at $12,242,000. Except for Alternative S-2A which has an annual O & M
cost of $2,000 to assure the integrity of the cap, the source control alternatives have no recurring
costs because the work can be completed in one construction season.

5.2.6 COMPLIANCE WITH ARARs

Alternatives S-1 and S-2A would not meet the organic and inorganic chemical-specific Federal
and State ARARs for the soils for a very long time. Alternatives S-3 and S-4(A and B) would
achieve the chemical-specific ARARs within one year. Alternatives S-3 and S-4B would comply
with all ARARs for offsite disposal of contaminated soils. Action-specific ARARs are not
applicable to Alternative S-1. For the other three source control alternatives which involve active
remedial measures, partial waivers for location-specific ARARs may be required because of the
need for limited construction in wetland areas. All three alternatives comply with action-specific
ARARs
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5.2.7 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Alternatives S-l and S-2A rely on natural processes of biological reactions and washing by infiltration
of rainwater to reduce the contamination in the vadose zone surface soils. Alternative S-l does not
involve any construction and so there is no short term risk to site workers or the neighbouring
community. It does have the potential for offsite migration of contaminants during storm events.
During construction, there is a risk to site workers associated with potential exposure by ingestion
and direct contact with contaminants in the soils for Alternatives S-2A, S-3 and S-4(A and B). Since
contaminants remain onsite indefinitely (under the cap) for Alternative S-2A, the long-term risks are
not completely eliminated (epecially if the deed restrictions are violated and the integrity of the cap
is breached). Alternatives S-3 and S-4(A and B) are the most protective of human health because
they physically remove and treat/dispose of the contaminants in the surface soils to levels below
chemical-specific ARARs. Alternatives S-3 and S-4B involve offsite land disposal and so they are
not as protective of the environment.

5.2.8. STATE ACCEPTANCE

Not addressed at this time.

5.2.9 COMMUNITY ACCEPTANCE

Not addressed at this time.

5.3 COST SENSITIVITY ANALYSIS

5.3.1 GROUNDWATER ALTERNATIVES

The sensitivity of the cost estimates for groundwater alternatives to various treatment time frames
(10 years, 15 years, 20 years, 25 years, and 30 years) are presented in Table 5-1. Additional work
(such as groundwater modeling, pumping tests, and additional groundwater sampling) will have to
be performed during remedial design to further refine the cost estimates.

5.3.2 SOD. ALTERNATIVES

Table 5-2 presents a comparison of the sensitivity of the costs for the soil alternatives to variations
in the soil area/volume and treatment costs. Additional characterization will have to be performed
during remedial design to verify soil volumes with a greater accuracy and to refine the cost estimates.
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TECHNICAL MEMORANDUM
FOR PRELIMINARY GROUNDWATER MODELING

OF THE CHEMSOL SUPERFUND SITE, NEW JERSEY

INTRODUCTION

This memorandum presents the results of preliminary groundwater modeling performed as part of a
Feasibility Study (FS) for the Chemsol Superfund Site in Piscataway Township, Middlesex County,
New Jersey. The purpose of the preliminary groundwater model is to test strategies for remediation
and control of the groundwater plumes at Chemsol. The model is called preliminary because it was
developed using the existing database which contains data gaps. Reasonable assumptions and
interpretations have been made using the available information to perform a limited calibration.
These decisions were made in consultation with a number of parties, including the U.S.
Environmental Protection Agency (EPA), the New Jersey Department of Environmental Protection
(NJDEP), and the U.S. Geological Survey (USGS).

In spite of data gaps, the preliminary model should be adequate for the purposes of a feasibility study
which evaluates remediation alternatives in a broad sense. During the design phase of remediation,
when detailed specifications are required, the model can then be more thoroughly calibrated using
specific data collected for that purpose.

This technical memorandum assumes that the reader is familiar with the Chemsol Draft Remedial
Investigation (RI) report (COM Federal, 1995) and therefore does not duplicate information found in
the RI. The sections that follow discuss sources of on-site and off-site information, hydrogeology,
groundwater flow, model setup and calibration, model simulation results, and summary and
conclusions.

SOURCES OF ON-SITE INFORMATION

The primary and most up-to-date source of on-site information was the Remedial Investigation
Report as below:

• CDM Federal Programs Corporation, 1995. "Remedial Investigation Report"

The RI report contained key geologic and hydraulic data that were used to build the model. This
included information on the descriptions and stratigraphic elevations of specific geologic units,
packer test data which was used to estimate hydraulic properties, and interpretations of groundwater
flow.

Other sources of packer test data included the reports listed below:

• CDM Federal Programs Corporation, March 1993 "Hydrogeological Assessment - Chemsol Site"

• Lancy Laboratories Division, April, 1984 "Hydrologic Study Report"
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• Applied Geotechnical and Environmental Service Corp.(AGES), October, 1987. "Phase I
Groundwater Investigation Report".

As part of the groundwater characterization report listed below, HLA prepared a simple
groundwater model. The model was reviewed in preparation of the current modeling effort but
yielded little useful information for this study, since it did not incorporate the actual geologic units at
Chemsol:

• Harding Lawson Associates (HLA), September, 1990 "Groundwater Characterization Report"

Information on geology and hydraulic properties of the weathered bedrock came from the following:

• McLaren/Hart, April, 1993 "Weathered Bedrock Extraction System"

• McLaren/Hart, March, 1995 "Weathered Bedrock Supplemental Investigation Report"

Information on the installation and operation of the Interim Remedial System came from the
following:

• McLaren/Hart, April, 1993 "Upper Bedrock Groundwater Extraction System"

• Bigler Associates, October, 1995 "Chemsol Superfund Site - Annual Operating Report -
September 1994 - August 1995"

• De Maximis, Inc., November, 1995 "Monthly Report for October 1995 - Groundwater
Effectiveness Monitoring/Wetlands Monitoring"

• McLaren/Hart, January, 1996 "Annual Effectiveness Monitoring Report for August 1994
through July 1995 - Groundwater Effectiveness Monitoring Influence Monitoring"

SOURCES OF OFF-SITE INFORMATION

Preparation of the Chemsol model required that off-site information be obtained. In the early stages
of model development, consideration was given to collecting information from the Watchung
Mountains north of the site to the Raritan River south of the site as shown on Figure 1. This search
discovered the following important historical document:

• Geraghty & Miller, November, 1976 "Middlesex County 208 Area-Wide Waste Treatment
Management Planning - Task 8 - Ground-Water Analysis"

The Geraghty & Miller report was extremely useful. Included with the report were water table maps
which showed groundwater divides, surface geology maps, pumping data, and specific capacity data.
From a review of this report, (and from later talks with EPA, USGS, and NJDEP) it was decided
that the model boundaries could coincide with local streams. Therefore, the search area was further
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limited to that between Bound Brook to the north, Ambrose Brook to the south, and Green Brook to
the west (See Figure 1). Within this area, the water allocation files for New Jersey pumping data
were searched but did not uncover any major pumping wells within this area.

A meeting was held with the US EPA and the New Jersey Department of Environmental Protection
(NJDEP) on December 4, 1995. During this meeting, the NJDEP indicated that regional water level
data was available for some hazardous waste sites nearby Chemsol. The following document was
provided:

• New Jersey DEPE, 1991. Memorandum to Paul Harvey from Joseph Marchesani - "Results of
Piscataway/South Plainfield Township Groundwater Flow Study".

This document contained the source of regional water level data outside Chemsol. Later, it was also
determined that a well just south of the site was impacting groundwater at the site. The only source
of information for this well was a permit filed with NJDEP as listed below:

• NJDEP, 1994. Well Record for Stelton Road well. ("Car Wash" well)

The U.S. Geological Survey (USGS) was contacted by telephone in the early stages of model
development. Later, a number of meetings were conducted which led to execution of a cooperative
agreement between the USGS and EPA Region n. Through this agreement, numerous discussions
were held with USGS representatives about the modeling and the following additional
documentation was obtained:

• U.S. Geological Survey, 1995 "Hydrogeology and Ground-Water Flow, Fractured Mesozoic
Structural-Basin Rocks, Stony Brook, Beden Brook, and Jacob Creek Drainage Basins, West-
Central New Jersey", Water-Resources Investigations Report 94-4147.

• U.S Geological Survey, February 2, 1996. Letter and package of data to Mr. James Haklar of
U.S. EPA. Includes local stream gage data, information on local facilities discharging to the
area, and maps showing a fault feature near the site from a USGS publication.

Both of these documents proved critical to development of the Chemsol model. The first document
contained information about a regional model developed by the USGS in the same geologic
formation, the Passaic Formation. The second document contained stream gage data for Bound
Brook, Ambrose Brook, and Green Brook. Based on this information, and through communication
with USGS, reasonable assumptions could be made about the regional hydrogeologic system near
Chemsol.

HYDROGEOLOGY

The Chemsol superfund site is located in Piscataway, New Jersey and is underlain by the Passaic
Formation of Late Triassic age of the Newark Basin. The Passaic is composed primarily of red
shale, siltstones, and mudstones and may be up to several thousand feet thick. The Passaic
Formation was previously mapped as, and is still frequently referred to as the Brunswick Formation.
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Following deposition, the Passaic was intruded by diabase sills, tilted, fractured, and eroded The
tilting causes individual beds to have a low angle dip to the northwest (9-15 degrees) and strike
northeast. (Brown, 1995)

Locally, a number of marker beds have been identified in the RI report (CDM Federal Programs
Corporation, 1995). They have been named the gray shale marker and the deep gray unit. From
these beds, it has been deduced that the Passiac has a strike of N59°E and dips to the northwest at 9°.
From an examination of the RI data, however, this orientation is an approximation since these beds
do not form perfect planes.

Hydrostratigraphic units identified at the site by CDM are discussed in detail in the RI report. The
shallowest of these, which incorporates the thin unconsolidated overburden and weathered bedrock,
is essentially horizontal. At Chemsol, the overburden unit is perched. Of greater importance is the
weathered bedrock zone, since parts of this unit are saturated. On-site, McLaren/Hart estimated
hydraulic conductivities of the weathered bedrock from slug tests (McLaren/Hart, 1995). These
estimates ranged from 0.009 to 0.4 feet/day. This is in agreement with estimates provided by the
USGS, which ranged from 0.01 to 0.5 feet/day. (Brown, 1996)

The Passaic Formation underlies the overburden and weathered bedrock and individual beds conform
to the regional strike and dip. Therefore, their depth and elevation vary over the site. The thickness
and elevation (Mean Sea Level) of the units at well C-l are as follows:

Overburden/Weathered Bedrock

Red Shale

Shallow Conductive Zone

Gray Shale Marker

Red Shale

Deep Conductive Zone

Red Shale

Deep Gray Unit

Red Shale

58.0

20.0

10.0

-2.5

-43.0

-53.0

-200.0

-210.0

-424.0

TOTAL FEET

18.0

38.0

10.0

12.5

40.5

10.0

147.0

10.0

214.0

500

Figure 2 also shows the configuration of these units in a northwest-southeast cross-section.

This pattern of local hydrpstratigraphic units is consistent with what is known regionally about the
Passaic formation. Michalski (1990) described the Passaic as a "leaky-multi-unit aquifer system,
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which consists of thin water-bearing units and much thicker, strata bound intervening aquitards".
Brown (1994) states that the Passaic "...is characterized by several layers of extensively fractured
rocks that typically are 1 to 10 feet thick interbedded with layers of sparsely fractured rocks that
typically are 30 to 100 feet thick." The two conductive zones defined locally are both thin and highly
fractured. The red shale unit between the units is sparsely fractured.

The U.S. Geologic Survey (Brown, 1994) prepared a regional model several tens of miles west of
Chemsol in the Stony Brook, Beden Brook, and Jacobs Creek Basins. Although this model is not
close to Chemsol, it is instructive to compare this model with data collected on-site. The USGS
model did not include specific hydrostratigraphic units, as have been identified at Chemsol. In the
USGS model, it is assumed that the regional effect of having thin, extensively fractured units is that
groundwater can flow more easily along the strike of the beds. USGS (Brown, 1994) states
"Elliptical cones of depression around pumped wells are evidence of anisotropic conditions... The
anisotropic conditions observed ... are a direct result of dipping interlayered water-bearing units and
confining units. In the water-bearing units, water can flow long distances in the direction of the
strike of the bedding without encountering barriers. Water cannot flow long distances in the
direction of dip, however, because each water-bearing unit contains fewer interconnected fractures
as it deepens with dip, and at a depth of about SOO feet below land surface, all fractures are closed.
Therefore, hydraulic conductivity is greater in the strike direction than in the dip direction."

Based on personal communication with Ms. Jean Lewis-Brown of the U.S. Geological Survey
(Brown, 1996), data from multi-hole aquifer tests cannot always be relied upon to estimate individual
layer properties because typically these tests are analyzed by using conventional
methods, which do not take into account fracture flow and aquifer anisotropy. Therefore, it is best
to utilize data from single hole tests, or packer tests. Table 1 provides a list of hydraulic
conductivities estimated from packer test data collected by Lancy Laboratories, McLaren & Hart,
and COM Federal Programs Corporation. Data from three different zones were available, the
shallow conductive zone, the deep conductive zone, and the red shale unit. The data was analyzed
by using the procedure for constant head hydraulic conductivity test in single drill holes developed by
the Bureau of Reclamation (USER, 1989) using the following equation:

2nLH r

where:
K = hydraulic conductivity ft/year
q = constant rate of flow into the test interval rWyear
L = length of the test interval, ft
H = differential head of water at test interval, ft
r = radius of borehole, ft
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Based on local experience, the drawdown of wells installed in the Passaic Formation does not
correspond to the actual drawdown in the aquifer. Kramer (1984) states that "Our experience both
with Triassic Age rocks in New Jersey and other consolidated rock aquifers has shown that well
losses often comprise a significant (often greater than 50 percent) portion of the total drawdown in a
pumping well. Since the borehole is open well, well losses are thought to be associated with
nondarcian flow in the fracture openings adjacent to the well bore." Therefore, the well efficiency of
these wells may be 50 percent or less. To account for the range of potential well losses, it is
assumed that the actual drawdown in the Passaic is 33%-100% of the measured drawdown in the
well. Table 1 presents the estimated conductivities at 100%, 50%, and 33% well efficiencies.

Two measurements were available for the shallow conductive zone and the estimated hydraulic
conductivity of the shallow conductive zone ranges from 6 to 45 feet/day. One measurement was
available for the deep conductive zone and the conductivity ranges from 46 to 139 feet/day. Forty
measurements were available for the red shale unit and the conductivity ranges from 0.08 to 14
feet/day.

The USGS model (Brown, 1994) incorporated a correlation between the number of fractures, and
conductivity, with depth. Based on this correlation, the model was divided into two layers, the
shallow being 75 feet thick, and the deeper layer being 425 feet thick. A similar correlation was
noted at Chemsol, except that it appears that the number of fractures and conductivity do not
significantly decrease until a depth of greater than 300 feet is reached. (See Table 1)

In contrast to on-site information, little geologic data off-site was available for the Passaic
Formation. However, the Middlesex County Planning document (Geraghty & Miller, 1976)
contained specific capacity data taken from production wells. Table 2 presents regional
conductivities estimated from this data using an equation provided by Driscoll in Appendix 16.D
(Driscoll, 1986):

Q. = T

S .,„ . 0.3Tt264 log ———
r2S

where:

Q. = specific capacity, gpm/ft
S

1 = transmissivity, gpd/ft
Q = yield of well, gpm
t = time of pumping in days
r = radius of well, ft
S = storage coefficient of the aquifer
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The calculated regional conductivities range from 0.3 to 25 feet/day. The results have also been
presented at 100%, 50%, and 33% well efficiencies to account for potential well losses. These
values correspond very well with the range of properties estimated by USGS (Brown, 1994);
regional conductivities for the Passaic ranged from 0.025 to 50 feet/day. These regional
conductivities are a composite of thin, extensively fractured layers as described above with thick,
sparsely fractured layers. However, the actual individual regional layers may vary considerably from
these average values.

The anisotropy of the Passaic can be modeled in two different ways. The first, proposed by the
USGS (Brown, 1994) is to set the hydraulic conductivity in the dip direction 2 to 10 times lower
than the strike direction. The second is to include individual beds in the model and to reduce the
actual hydraulic conductivity of each bed with depth. As discussed in more detail in the section on
model setup, this study included both regional and local layers. Regionally, the model was setup
similar to the USGS model and locally individual beds were included and pinch out with depth with
a decrease in conductivity below 300 feet.

GROUNDWATER FLOW

As reported in the RI (CDM Federal, 1995), Chemsol is located near a groundwater divide. The
water level map in Middlesex County 208 report (Geraghty & Miller, 1976) shows that Chemsol is
located near a divide between Bound Brook and Ambrose Brook. This is confinned by on-site water
level measurements which show small horizontal gradients and strong downward vertical gradients.

A number of water level maps were presented in the RI report. (See Figures 3-23, 3-26, 3-33, 3-36,
and 3-40 for interpretation of water levels collected on August 29, 1994). These maps were divided
into three different intervals: (1) above the gray shale marker, (2) between the gray shale marker and
the deep gray unit, and (3) below the deep gray unit. Based upon a review of these maps, it appears
that groundwater in the interval above the gray shale marker flows to the south and south-west.
However, an evaluation of the lower two intervals yielded little insight on the prevailing direction of
groundwater flow. Depending upon the time of day of that the measurement was taken in these
deeper zones, the flow directions can change throughout the day.

Regionally, previous studies have observed that groundwater flow mirrors topography. The
Middlesex County 208 Area-Wide Study (Geraghty & Miller, 1976) presents a regional water table
map that outlines groundwater divides and directions of groundwater flow into the local streams.
This is in agreement with USGS observations that "In general, ground-water divides coincide with,
or are slightly offset from, surface-water divides, and water follows short flow paths through the
shallow part of the system to the stream nearest the point of recharge" (Brown, 1994). The
Middlesex County 208 Area-Wide Study identifies another groundwater divide near the intersection
of Interstate-287 and the Lincoln Highway. Therefore, one can deduce from these observations that
groundwater flows to the west from the groundwater divide near the Lincoln Highway towards
Green Brook, and a portion also flows to the north and south, or to Bound Brook and Ambrose
Brook, respectively.
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These observations cannot fully explain the water level conditions found at Chemsol, however. The
south to south-west gradient noted in the interval above the gray shale marker does not correlate
with regional groundwater flow, which should be primarily in a direction of east to west. Therefore,
there must be some other factor which causes the gradients to change direction. One probable factor
that causes a change in gradient directions is off-site pumping, which is discussed in more detail in
the next section.

Another feature which may also have an impact on regional groundwater flow is a geologic fault,
located by the USGS within one mile east of Chemsol (Parker, 1992). However, since no specific
data was available on the potential impact of the fault, it was not included in the model.

WATER BUDGET

As discussed previously, and as shown on Figure 1, the boundaries of the model are located on
Bound Brook located north of Chemsol, Ambrose Brook south of the site, and Green Brook to the
west. The water budget for this area is assumed as follows:

WATER IN = WATER OUT

Where: WATER IN = Recharge due to precipitation + surface discharge
WATER OUT = Discharge to streams + discharge to wells (pumping)

Water into the model area is primarily due to direct infiltration from rainfall. Based on the
information provided by USGS (National Coastal Pollutant Discharge Inventory, 1993), surface
discharge into the area is less than 0.01 inches/year and can be considered negligible compared to
recharge due to precipitation. Locally, recharge may vary across the area but regionally is expected
to be some percentage of rainfall, for which the annual average is 45 inches per year. USGS used a
value of 8.2 inches per year for their regional model located west of Chemsol (Brown, 1994).

Based on discussions with EPA, NJDEP, and USGS, it was decided that a reasonable assumption is
that discharge to streams forms the primary conduit for groundwater out of the system. Therefore,
most of the groundwater exits the area through Bound Brook, Ambrose Brook, and Green Brook.
However, an undefined amount also exits the system through wells.

Little information is available on potential groundwater pumping within the model area. The
Middlesex County 208 Area Wide report, although somewhat dated, indicates that the majority of
pumping in the Passaic occurs north of the model area. Water allocation records obtained from the
NJDEP only list weUs that pump more than 100,000 million gallons per day and no such wells were
identified within the model area. One pumping well south of the site on Stelton Road termed the
"Car Wash" well has been identified. This well was installed in early 1994 and has the capacity to
pump 25 gallons per minute. However, the actual average pumping rate is unknown. It is likely that
a number of other pumping wells exist in the area but no information is available because they pump
less than 100,000 million gallons per day (allocation limit before a permit needs to be filed with the
NJDEP). For example, there is an industrial area north-east of Chemsol that is likely to have a
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number of individual wells that pump well less than the allocation limit, but collectively may exceed
this limit and potentially impact site levels.

For all practical purposes, since the amount of pumping out of the area is unknown and is not
believed to exceed 1-2 inches/year regionally (Brown, 1996), the water budget equation can be
reduced to the following:

Recharge due to precipitation = Discharge to streams

Therefore, if the discharge to streams can be better defined, then a better handle on recharge due to
precipitation can also be obtained.

Through the cooperative agreement between EPA and USGS in Trenton, New Jersey, local stream
gage data was obtained in both electronic and hard print format. Baseflow analysis was performed
on this data. Baseflow is defined as that part of stream discharge from ground water seeping into the
stream (Fetter, 1988). Table 3 presents the results of base flow analysis for Bound Brook and Green
Brook. The Bound Brook station is located at the northwestern edge of the model area whereas the
Green Brook station is located several miles north of the model area. Partial low flow records were
also obtained and evaluated for a station located on Ambrose Brook at the western edge of the
model and this data is presented on Table 4.

USGS also provided measurements of the basin area for each stream. Based on this data, the base
flow for each stream was converted to cfs/square mile as given below:

Stream Drainage area (mi2) cfs/mi2
Bound Brook 48.4 0.55
Green Brook 9.75 0.45
Ambrose Brook 13.9 0.36*

(* NOTE: The base flow for Ambrose Brook is estimated from an average of low flow partial records.)

Based on a calculated model area of 16.77 mi2, these estimates can be converted to inches per year
and range from 7.5 in/year based on Bound Brook data, to 6.1 in/year based on Green Brook data,
to 4 in/year based on Ambrose Brook data. However, the Ambrose Brook data has a high degree of
uncertainty since it is based on an average of low-flow partial records. The most reasonable range of
base flow is from 6.1 to 7.5 in/year based on the Green Brook and Bound Brook data.

GROUNDWATER FLOW MODEL SETUP

The groundwater flow model code used in this analysis is the DYNFLOW™ (DYNamic
groundwater FLOW simulation) computer program developed by Camp Dresser & McKee Inc.
(CDM) in 1984. The code uses a Galerkin finite element formulation to solve the partial differential
equation that describes the transient, three-dimensional flow of a homogenous incompressible fluid
through a heterogeneous, anisotropic medium. It is certified by the International Groundwater
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Modeling Center-(IGWMC) and it has been used at numerous other Superfimd sites nationwide with
EPA approval.

The regional model finite element grid used in this analysis superimposed on a base map is shown on
Figure 1. The grid is centered around Chemsol and extends several thousand feet beyond this area in
all directions towards the stream boundaries of Bound Brook, Ambrose Brook, and Green Brook. A
local view of the grid at Chemsol is shown on Figure 3. Locally, the grid was designed so that the
impact of various remedial scenarios using different extraction wells could be properly evaluated.
The grid is composed of 1131 nodes and 2161 elements.

The vertical grid consists of 10 levels of nodes that define 9 layers as below:

Level Unit
10 Surface elevation
9 Bottom of overburden/weathered bedrock
8 Bottom of general shale unit
7 Bottom of shallow conductive zone
6 Bottom of shallow gray marker unit
5 Bottom of general shale unit
4 Bottom of deep conductive zone
3 Bottom of general shale unit
2 Bottom of deep gray unit
1 Bottom of model

These correspond to the hydrostratigraphic units described in the section on hydrogeology.
To help better visualize the setup of these layers in the model, a cross section has been provided on
Figure 2.

Setup of dipping layers in DYNFLOW requires information on the orientation of an exact plane.
This information is entered as coordinates for a particular well and the elevation of the top or bottom
of a specific layer. Wells C-l, DMW-2, and MW-102 were selected because they were the deepest
wells that were drilled in a specific area of the site. In reality, these layers are irregular surfaces that
cannot be easily represented by a model of this type. Therefore, to represent them, the average
thickness had to be determined. The average thickness of the shallow gray shale marker was
determined to be 13 feet, and the average thickness of the deep gray unit was determined to be 9
feet. The average distance between the two units was determined to be 224 feet. A side effect of
setting up the model in this way is that the actual elevation for a well screen may not correspond
exactly to a layer in the model. However, for model calibration purposes, an "observation elevation"
can be defined which places the calculated head at the proper layer 2nd for modeling scenarios,
pumpage at specific layers can also be specified. Therefore, for all practical purposes this is not
important limitation but it should be kept in mind that when displaying the results in cross sections
that a specific well screen may "appear" to be offset from its actual location.

The site-specific layers extend only to a distance of about 5000 feet away from the center of the
Chemsol site. This is because on-site, there is good stratigraphic control, but no geologic
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information is available off-site. Off-site, a regional property set was used in which the hydraulic
conductivity tensor was oriented in the direction of groundwater flow. In addition, the conductivity
along strike was input as twice that along dip to represent the pinching out of groundwater flow in
the direction of dip. For site-specific conductive zones, this pinching out of flow was simulated by
inputting smaller conductivities at a depth of 300 feet from the surface.

Based on work performed by the USGS (Brown, 1994), the overburden/weathered bedrock at the
streams was thinned to a thickness of 5 feet to represent average thickness of a stream bed. The
conductivities of all layers underlying the streams have been estimated to be 10 times the regional
property set on the assumption that the streams are located in highly fractured zones. This was only
done along the stream locations along the model boundaries and not along the inlet streams, which
are located just north and south of Chemsol.

To simulate discharge from the aquifer to the streams at the model boundaries, a rising head
condition was invoked for the majority of these nodes. This means that the water levels in the
aquifer has reached the elevation of the stream bed, and therefore discharge is allowed to the ground
surface. Near the intersection of Green Brook and Ambrose, a few fixed heads were specified along
a few nodes so that a more stable solution could be obtained. Upgradient of the site along Bound
Brook and Ambrose Brook, the water levels fell slightly below the level of the streams, therefore,
fixed heads were also specified at those locations to ensure that contact between the aquifer and
stream was maintained. This would result in a small amount flux entering the model from the
streams at those locations.

MODEL CALIBRATION

Prior to model calibration, properties similar to that discussed previously were input into the model.
The objective of calibration is to prepare a model which is representative of overall site conditions.
Since this is a preliminary model application, a limited calibration was performed. This calibration
was limited because there are data gaps and because assumptions and interpretations as discussed
above had to be made. However, an excellent calibration was obtained on-site considering the
resolution and scale of the model.

The flow model was calibrated to both August 1994 conditions before the interim groundwater
remedy extraction system was installed and August 1995 one year after installation of the system.
During calibration, it was discovered that even though little information is available about the "Car-
Wash" well located south of the site, it is necessary that it be included because otherwise gradients
would tend from east to west rather than from northeast to southwest. It was found that when the
"Car-Wash" well was pumped continuously, the groundwater flow in all layers was affected within
the cone of influence of the well. Also, since the water levels at the site are only slighter higher than
levels in the regional streams, it was evident that some local stresses must be acting on the system to
cause the heads to be lower at the site than what might be expected by looking at the regional
system. Since no actual flow data is available for the well, it was decided to simulate this well at half
its actual capacity ( 25/2 =12.5 gallons per minute).
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Figure 4 present? the results of calibration to the August, 1994 conditions before the interim
ground water remedy extraction system was activated. As shown on the figure, the ground water
gradients are pulled to the southwest by the Car-wash well. The overall mean difference is 0.807
feet and the standard deviation is 1.708. The overall response of the model matches what has been
observed in the field. Table 5 shows the calculated head versus observed head for each of the
individual wells. (As a comparison, examine Figure 3-23 in the RI.)

As another indicator of calibration to August 1994 conditions, the observed vertical gradients have
been compared to the simulated gradients on Table 6. The simulated gradients are very close to the
observed gradients. Therefore, the model simulates a strong downward vertical gradient on-site.

Regional water level data from 1991 were provided by the NJDEP (NJDEP, 1991). This included
data from the Union, Huls, and Mary Kay sites south of Chemsol. Unfortunately, no coordinates
were provided for these wells. To utilize this information, a pseudo-well was placed in the model at
the center of each site and the model water levels were compared with a range of minimum and
maximum of water levels observed at each site. Figure 5 shows the results of this comparison. The
model compares quite well to the minimum water levels observed at each site. When comparing the
model results to the maximum water levels at each site, however, it appears that the model could
under-predict these heads by as much as 20 feet. This is within the range of potential error for the
data, being that the water levels were taken in 1991, there is little regional geologic data, and no
information is available for off-site pumping wells.

Also shown on this Figure 5 is the location of a fault feature east of Chemsol as provided by USGS
(Parker, 1992). Not enough information is available to evaluate the potential hydraulic effect of this
feature on regional water levels.

Figure 6 presents the results of calibration to the August, 1995 conditions one year after the interim
groundwater remedy extraction system was activated. For this simulation, the actual average
pumping rate for well C-l was input (20.4 gallons per minute) and was used along with the Car-wash
well pumping at 12.5 gallons per minute. In this case, the drawdown caused by well C-l was
simulated. The overall mean difference is 0.796 feet and the standard deviation is 0.629. Table 8
show the calculated drawdown versus the observed drawdown for each of the individual wells.

The final calibrated model properties are summarized on Table 9. In general, locally the hydraulic
conductivity along strike equals the conductivity along dip and the horizontal to vertical conductivity
ratio is 10:1, except for the gray shale marker and the deep gray unit, where the ratio is 1:1. The
calibrated local shale property is 0.8 feet/day. This is in high contrast to the regional shale property,
which is estimated at 25 feet/day. Although this is within the expected range of properties, it is
higher than expected and contrasts sharply with the local conductivities. It is possible that this
difference may be due to undefined stresses or due to heterogeneities not accounted for. In any case,
this discrepancy is not a fatal flaw in using the model to simulate capture zones locally. However, as
more information becomes available the model should be updated and presumably this difference
would become smaller each time the model is re-calibrated.
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MODEL SIMULATION RESULTS

The primary purpose of this modeling study is to test strategies for remediation and control of the
groundwater plumes at Chemsol in support of the feasibility study. In support of this purpose,
the following six scenarios have been simulated:

• Scenario #1: Current conditions with both C-l and CW-1 (Car Wash well) pumping.
Well C-l is pumping at 20 gpm and well CW-1 is assumed to be pumping at 12.5 gpm.
These results are presented on Figures 7, 8, 9, 10, and 11.

• Scenario #2: Pumping wells C-l at 20.4 gpm, CW-1 at 12.5 gpm, DMW-9 at 10 gpm,
and TW-8 at 10 gpm. These results are presented on Figures 12, 13, 14, and 15.

• Scenario #3: Pumping wells C-l at 20.4 gpm, CW-1 at 12.5 gpm, DMW-9 at 10 gpm,
TW-8 at 10 gpm, and C-2 at 5 gpm. These results are presented on Figures 16, 17, 18,
and 19.

• Scenario #4: Pumping wells C-l at 20.4 gpm, CW-1 at 12.5 gpm, DMW-9 at 10 gpm,
TW-8 at 10 gpm, and TW-5 at 5 gpm. These results are presented on Figures 20, 21, 22,
and 23.

• Scenario #5: Pumping wells C-l at 20.4 gpm, CW-1 at 12.5 gpm, DMW-9 at 10 gpm,
TW-8 at 10 gpm, and TW-4 at 5 gpm. These results are presented on Figures 24, 25, 26,
and 27.

• Scenario #6: Pumping wells C-l at 20.4 gpm, CW-1 at 12.5 gpm, DMW-9 at 10 gpm,
and TW-8 at 10 gpm, C-2 at 5 gpm, TW-5 at 5 gpm, and TW-4 at 5 gpm. These results
are presented on Figures 28, 29, 30, and 31.

A detailed discussion of each of these scenarios follows.

SCENARIO # 1: C-l AT 20 GPMr AND CW-1 AT 12.5 GPM

Scenario #1 can be considered the .base scenario since it simulates the current conditions at the
site. Currently well C-l is pumping at 20 gallons per minute as the on-site interim remedy. The
actual flow rate at which the car wash well (CW-1) is pumping is unknown. However, it is likely
that the average daily flow rate is less than its capacity of 25 gallons per minute. Therefore, the
project team decided to simulate it at half its capacity for all the scenarios, or 12.5 gallons per
minute.

The wells are represented in the model by pumping from particular layers as indicated below:

Well C-l: • Red Shale unit below weathered bedrock layer
• Shallow conductive zone
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• Gray Shale Marker
• Red Shale unit below gray shale marker
• Deep conductive zone
• Red Shale unit below deep conductive zone

Well CW-1: • Deep conductive zone
• Red Shale unit below deep conductive zone
• Deep Gray unit

To outline the capture zone for these wells required that particle tracking be performed using the
DYNTRACK code. DYNTRACK utilizes the steady-state flow field generated by DYNFLOW.
From a computed set of heads, the mean flow velocity in each component direction is determined
for each element. In this simple analysis, a particle of mass is assumed to be convected in
groundwater at the rate of local mean seepage velocity and can be tracked from one location to
another over a specific time period. In this case, a rectangular grid of particles is placed hi
approximately the map location shown on Figure 7. Forward tracking, or tracking of these
particles forward in time is performed over a long time period, in this case 10 years, so that
transient effects are removed and an accurate picture of the capture zone is obtained. This time
was selected to obtain a long term picture of the capture zone and should not be considered the
required duration of pumping for remediation. The portion of the particles that ends up in an
extraction well outlines the capture zone for that well. The capture zone is that volume of aquifer
which contributes flow to the well within a specified tune period. Particles that are outside of
these capture zones follow natural groundwater flow off-site and are eventually discharged into
the streams.

Since the Chemsol model is fully three-dimensional, the capture zone for each well is also fully
three-dimensional and to understand its configuration requires that a number of map views and a
cross-sectional view be utilized. For each scenario, the simulated capture zones above the gray
shale marker, between the gray marker and the deep gray unit, and below the deep gray unit are
presented. These figures show an outline of the capture zone at that level along with some site
features, such as, the site boundaries, buildings, and local streams. Also shown are velocity
vectors, which show the component of flow along a particular layer. To illustrate the results in
cross-sectional view, a southeastern-northwestern cross section was used near well C-l in the
down-dip direction. Plotted on this section are the site-specific geologic layers and equipotential
contours showing the direction of groundwater, along with the specific wells simulated for that
scenario. If a particular well is located near the cross section, then the impact of pumping is
shown. Otherwise, the impact of the well cannot be seen because in some cases wells are located
several hundred feet away from the cross section.

Figure 7 shows the capture zone for Scenario #1 above the gray shale marker. Since this layer
terminates at the southeast corner of Lot IB, its capture zone also terminates. The car wash well
(CW-1) is an unwanted interference with respect to groundwater remediation of the Chemsol site.
Therefore, the capture zone of this well has been separated from the capture zone of on-site
wells. From this figure, it is apparent that the car wash well captures a very small portion of
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groundwater in me southwest comer above the gray shale marker. Otherwise, well C-1 captures
the majority of on-site groundwater within this layer except for the northwest comer.

Figure 8 shows the capture zone for Scenario #1 between the gray shale marker and the deep gray
unit. The car wash well captures a larger portion of groundwater on-site. Well C-1, on the other
hand, captures less water than above the gray shale marker and the size of its capture zone is
reduced by the car wash well. An area to the north and north-west remains uncaptured.

Figure 9 shows the capture zone for Scenario #1 below the deep gray unit. The car wash well
captures a portion of groundwater within this layer at the southern edge of the site. Well C-1
only captures a small portion of groundwater at the south-eastern edge of the site and the majority
of groundwater beneath the site remains uncaptured within this layer.

Figure 10 shows a northwest-southeast cross section near well C-1. The impact of pumping well
C-1 on the equipotential contours can be seen, however, the impact of pumping the car wash well
cannot because it is located a significant distance away from the cross section. However, it is
apparent that the car wash well is screened much deeper than well C-1. Therefore, the influence
of the car wash well becomes greater with depth and this is reflected on the previous figures.

Note that the vectors do not always correspond completely with the capture zone. This is due to
the fact that the vectors are actually three-dimensional and the directional component with the
highest magnitude may not be shown on the figure. To help understand the three-dimensional
aspects of the model, a cross-section view of groundwater flow along well C-1 and the car wash
well has been prepared as Figure 11. This illustrates why vectors which appear to be flowing
towards the well on Figure 7 actually have a major downward component which pulls the
particles across layers and off-site. Therefore, it is important to rely upon the results of the
particle tracking (as shown as an outline of the capture zone on each figure) rather than upon the
velocity vectors alone. However, for the most part, since the vectors help to better illustrate the
groundwater flow patterns for each scenario, it was decided to present them along with the
capture zone.

SCENARIO # 2: C-1 AT 20 GPMr CW-1 AT 12.5 GPM. DMW-9 AT 10 GPMr AND TW-8
AT 10 GPM:

In Scenario #2, wells DMW-9 and TW-8 pumping at 10 gallons per minute each are added to the
base case scenario. The new wells are represented in the model by pumping from particular
layers as indicated below:

Well DMW-9: • Red Shale unit below gray shale marker
• Deep conductive zone
• Red Shale unit below deep conductive zone

Well TW-8: • Gray shale marker
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Red Shale unit below gray shale marker

Figure 12 shows the capture zone for Scenario #2 above the gray shale marker. Compared with
the base case, the addition of wells DMW-9 and TW-8 makes the capture zone of the on-site
wells much larger and most contaminated groundwater within this layer is captured except for the
northwest corner of the site. These wells also move the influence of the car wash well off-site
even though its capture zone also becomes somewhat larger.

Figure 13 shows the capture zone for Scenario #2 between the gray shale marker and the deep
gray unit. DMW-9 appears to exert a significant influence on moving the capture zone further
north. However, a large portion of groundwater in the northwestern corner of the site remains
uncaptured. The dividing line between the car wash well and on-site wells changes so that these
on-site wells capture more off-site groundwater.

Figure 14 shows the capture zone for Scenario #2 below the deep gray unit. Although pumping
DMW-9 and TW-8 moves the capture zone further north, a large portion of groundwater in this
layer north and north-west remains uncaptured.

Figure 15 shows the northwest-southeast cross section for Scenario #2. From this section, it is
apparent that DMW-9 exerts a greater influence on the capture zone because it is deeper whereas
the influence of well TW-8 is limited to the upper layers. Since both of these wells are offset
from the cross section location, the full impact of these wells on the contours cannot be seen.

SCENARIO # 3: C-l AT 20 GPM. CW-1 AT 12.5 GPMr DMW-9 AT 10 GPMr TW-8 AT 10
GPM. AND C-2 AT 5 GPM:

In Scenario #3, wells DMW-9 and TW-8 pumping at 10 gallons per minute each and well C-2
pumping at 5 gallons per minute are added to the base case scenario. A listing of the layers
pumped by wells DMW-9 and TW-8, is provided in the description for scenario #2. Well C-2
is represented in the model by pumping from the following layer:

Well C-2: • Red Shale unit above deep gray unit

Figure 16 shows the capture zone for Scenario #3 above the gray shale marker. Compared with
the base case, the addition of wells DMW-9, TW-8, and C-2 makes the capture zone of the on-
site wells much larger and most contaminated groundwater within this layer is captured except for
the northwest corner of the site. These wells also move the influence of die car wash well off-site
even though its capture zone also becomes somewhat larger. There is a little difference between
scenario #3 and #2 in that C-2 moves the capture zone further to the north-west.

Figure 17 shows the capture zone for Scenario #3 between the gray shale marker and the deep
gray unit. In comparison with the base case, the combination of wells DMW-9, TW-8, and C-2
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exerts a significant influence on moving the capture zone further north. Compared to scenario #2,
the addition of well C-2 moves the capture zone further to the north-west so that a much smaller
portion of groundwater in the northwestern corner of the site remains uncaptured. The dividing
line between the car wash well and on-site wells changes so that these on-site wells capture more
off-site groundwater.

Figure 18 shows the capture zone for Scenario #3 below the deep gray unit. Compared with
scenario #2, the addition of well C-2 has a significant impact on capture of groundwater in the
layer below the deep gray unit and moves the capture zone further north to the point where only a
small northwest corner of the site remains uncaptured.

Figure 19 shows the northwest-southeast cross section for Scenario #3. The full impact of adding
well C-2 cannot be seen readily since it is located far away.

SCENARIO if 4: C-l AT 20 GPMr CW-1 AT 12.5 GPMr DMW-9 AT 10 GPMr TW-8 AT 10
GPMr AND TW-5 AT 5 GPM:

In Scenario #4, wells DMW-9 and TW-8 pumping at 10 gallons per minute each and well TW-5
pumping at 5 gallons per minute are added to the base case scenario. A listing of the layers
pumped by wells DMW-9 and TW-8, is presented in the description for scenario #2. Well TW-
5 is represented in the model by pumping from the following layer

Well TW-5: • Red Shale unit below weathered bedrock

Figure 20 shows the capture zone for Scenario #4 above the gray shale marker. Compared with
the base case, the addition of wells DMW-9, TW-8, and TW-5 makes the capture zone of the on-
site wells much larger and most contaminated groundwater within this layer is captured except for
the northwest corner of the site. These wells also move the influence of the car wash well off-site
even though its capture zone also becomes somewhat larger. There is a little difference between
scenario #4 and #2 in that the addition of well TW-5 moves the capture zone further to the north-
west.

Figure 21 shows the capture zone for Scenario #4 between the gray shale marker and the deep
gray unit. In comparison with the base case, the combination of wells DMW-9, TW-8, and TW-
5 exerts a significant influence on moving the capture zone further north. However, as
compared with scenario #3, the addition of well TW-5 does not impact the capture zone in this
layer as much as well C-2. In fact, in comparing the results with scenario #2, it appears that
TW-5 does not impact flow in this layer at all and a large portion of the north-western comer of
the site remains uncaptured. As with scenarios #2 and #3, the dividing line between the car wash
well and on-site wells changes so that these on-site wells capture more off-site groundwater.

Figure 22 shows the capture zone for Scenario #4 below the deep gray unit. There is very little
difference between scenario #4 and #2 for this layer. In other words, wells DMW-9 and TW-8
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extent a strong influence in this layer but well TW-5 does not. A large north-western corner of
the site within this layer remains uncaptured.

Figure 23 shows the northwest-southeast cross section for Scenario #4. From this cross section it
can be seen more clearly why TW-5 does not capture much groundwater from the lower layers in
the model.

SCENARIO # 5: C-l AT 20 GPMr CW-1 AT 12.5 GPMf DMW-9 AT 10 GPMr TW-8 AT 10
GPM. AND TW-4 AT 5 GPM:

In Scenario #5, wells DMW-9 and TW-8 pumping at 10 gallons per minute each and well TW-4
pumping at 5 gallons per minute are added to the base case scenario. A listing of the layers
pumped by wells DMW-9 and TW-8, is presented in the description for scenario #2. Well TW-
4 is represented in the model by pumping from the following layer:

Well TW-4: • Red Shale unit below weathered bedrock

Figure 24 shows the capture zone for Scenario #5 above the gray shale marker. Compared with
the base case, the addition of wells DMW-9, TW-8, and TW-4 makes the capture zone of the on-
site wells much larger and most contaminated groundwater within this layer is captured except for
the northwest corner of the site. The addition of well TW-4 shows a greater impact than addition
of well TW-5 (see Scenario #4) in that a smaller portion of groundwater at the northwestern
corner of the site remains uncaptured and the capture zone of the car wash well is moved further
southwest.

Figure 25 shows the capture zone for Scenario #5 between the gray shale marker and the deep
gray unit. The capture zone for this layer is very similar to scenario #2; therefore well TW-4
exerts a small influence on this layer. In comparison with the base case, the combination of wells
DMW-9, TW-8, and TW-4 exerts a significant influence on moving the capture zone further
north. However, although DMW-9 and TW-8 exert a strong influence on this layer, TW-4 does
not and a portion of groundwater at the northwestern comer of the site remains uncaptured.

Figure 26 shows the capture zone for Scenario #5 below the deep gray unit. The addition of well
TW-4 does not exert a major influence on this layer and a large northwestern corner of the site
remains uncaptured.

Figure 27 shows the northwest-southeast cross section for Scenario #5. From this cross section,
it can be seen more clearly why TW-4 does not capture much water from the lower layers of the
model.
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SCENARIO # 6; C-l AT 20 GPM. CW-1 AT 12.5 GPMr DMW-9 AT 10 GPM. TW-8 AT 10
GPM. C-2 AT 5 GPM. TW-5 AT 5 GPM AND TW-4 AT 5 GPM:

In Scenario #6, wells DMW-9 and TW-8 pumping at 10 gallons per minute each and wells C-2,
TW-5, and TW-4 pumping at 5 gallons per minute each are added to the base case scenario. A
listing of the layers pumped by these is provided in the discussion for scenarios #2, #3, #4, and
#5.

Figure 28 shows the capture zone for Scenario #6 above the gray shale marker. The addition of
wells DMW-9, TW-8, C-2, TW-5 and TW-4 is the only combination which captures all the on-
site groundwater within this layer.

Figure 29 shows the capture zone for Scenario #6 between the gray shale marker and the deep
gray unit. Pumping all these wells in combination nearly captures all the groundwater on-site
within this layer except for a very small portion to the northwest. The capture zone of the car
wash well is displaced completely off-site.

Figure 30 shows the capture zone for Scenario #6 below the deep gray unit. Nearly all of the
groundwater on-site is captured except for a small portion at the north-west corner. The capture
zone of the car wash well is also displaced off-site.

Figure 31 shows the northwest-southeast cross section for Scenario #6. Although the screen
locations for all the wells are shown, the full impact to the equipotential contours cannot be seen
since most of the wells are offset from the cross section location.

SUMMARY OF RESULTS

To better illustrate the differences between the scenarios, the following summary is presented for
each of the three stratigraphic layers: (1) above the gray shale marker, (2) between the gray shale
marker and the deep gray unit, and (3) below the deep gray unit.

ABOVE THE GRAY SHAT.P. MARfcTFR

The capture zone above the gray shale marker for all six scenarios is shown on Figures 7, 12, 16,
20, 24, and 28. The first general observation when comparing the scenarios is that the capture
zone terminates at the trace of the outcrop of the gray shale marker. The results for scenario #1
also shows that under current conditions a substantial portion of groundwater at the northwest
corner of the site remains uncaptured. Although the portion of uncaptured groundwater is
reduced in scenarios #2, #3, #4, and #5, scenario #6 is the only one that captures all of the on-
site groundwater within this layer. Wells TW-4 and C-2 individually have greater impact than
well TW-5 in increasing the size of the capture zone.
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Under the base case scenario (Scenario #1), the capture zone of the car wash well in this layer is
very small and is limited to the southwest comer of the site. Additional on-site pumping, as
simulated in all other scenarios, moves the capture zone of the car wash well off-site. Scenario
#6 moves it the farthest.

Ttrp- GRAY SH/a -F MARCTR AND THE DRFP HPAY UNIT

The capture zone between the gray shale marker and the deep gray unit is shown on Figures 8,
13, 17, 21, 25, and 29. This layer has the largest capture zone in all scenarios. This is probably
due to the major influence of well C-l and the car wash well. Under scenario #1 (base case
conditions), a large portion of the site to the west and northeast remains uncaptured. An
examination of the other scenarios reveals that the addition of well DMW-9 extends the capture
zone to the north; whereas the addition of well C-2 extends the capture zone to the west. Wells
TW-5 and TW-4 exert a very small influence on capture of groundwater from this layer. In
scenarios without C-2, a large portion of the northwest comer of the site remains uncaptured. No
scenario completely captures all on the on-site groundwater from this layer, even with Scenario
#6 there is still a small portion at the northwest corner of the site that remains uncaptured.

The car wash well captures a small southwestern corner of on-site groundwater except for
scenarios #3 and #6. Well C-2 is the only well which actually moves the capture zone of the car
wash well off-site.

BELOW TTTR DFTTp rtPAV TJNTT

The capture zone below the deep gray unit is shown on Figures 9, 14, 18, 22, 26, and 30. Under
current conditions (scenario #1), a large portion of the water north of the site remains uncaptured.
As in the layer between the two gray markers, the addition of wells DMW-9 and C-2 appears to
have the largest impact on the layer below the deep gray unit. Wells TW-4 and TW-5, being
screened in the red shale unit below weathered bedrock, have little impact on groundwater in this
layer. No scenario completely captures on-site groundwater from this layer, although scenarios
#3 and #6 have the largest capture zone, primarily due to the influence of well C-2.

In the zone below the deep gray unit, the car wash well captures nearly as much water as well C-
1 , with C-l capturing water from the southeastern corner, and the car wash well capturing water
from the southwestern corner. Scenarios #3 and #6, with the addition of well C-2, are the only
ones which actually move the capture zone of the car wash well completely off-site for this layer.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions can be drawn from this study:

• A preliminary groundwater model has been prepared for the Chemsol superfund site. The
model is called preliminary because it was developed using the existing database which
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contains data gaps. Reasonable assumptions and interpretations have been made in
consultation with the U.S. Environmental Protection Agency (EPA), the New Jersey
Department of Environmental Protection (NJDEP), and the U.S. Geological Survey (USGS).

The model extends from the site to Bound Brook in the north, Ambrose Brook to the south,
and Green Brook to the west. Near the site, adequate stratigraphic control was available to
identify nine specific hydrostratigraphic units which were included in the model. Regionally,
it was assumed that the geology could be represented by average properties. For both the
regional and local layers, the hydraulic conductivity tensor was oriented in the direction of
groundwater flow, which is primarily along a strike of north 59 degrees east. To incorporate
the pinching out of flow down-dip to the southwest (9 degrees), locally, the properties of the
conductive zones were reduced at a depth of 300 feet below the surface, and regionally, the
hydraulic conductivity along strike was made twice that of the conductivity along dip.

During model calibration, it was discovered that the car wash well exerts a major influence on
the direction of groundwater gradients on-site and it was important that it be included.
However, the actual pumping rate is unknown. Therefore, it was assumed that the average
pumping rate is half the capacity of this well.

The model calibration, although limited by available data, is excellent with a mean difference
of less than one foot for both 1994 and 1995 conditions. Regionally, the potential range in
error is much larger. This is because little off-site data is available. Potential uncertainties
include, but are not limited to, undefined off-site pumping, the impact of the fault east of
Chemsol, and geologic heterogeneities.

Six specific scenarios were simulated. For all scenarios, it was assumed that the car wash
was pumping at 12.5 gallons per minute. The validity of this assumption is unknown.
However, recent visits to the car wash by State inspectors have indicated that it may be
currently pumping. The car wash is an unwanted interference with respect to groundwater
remediation of the Chemsol site. Therefore, the capture zone of this well was separated from
the capture zone of on-site wells.

Forward particle tracking clarified the capture zone above the gray shale marker, between the
gray marker and the deep gray unit, and below the deep gray unit. It is important to rely on
particle tracking rather than velocity vectors alone since they incorporate the three-
dimensional flow field. For example, due to three dimensional effects, it may appear that a
particle should be captured when looking at the results in a single layer when in reality the
particle may flow off-site.

Scenario #1 simulates the current conditions at the site with well C-l pumping at 20 gallons
per minute and assumes that the car wash well is also pumping. In the layers above the gray
shale marker and in-between the marker and the deep gray unit, a large area to the northwest
remains uncaptured Below the deep gray unit, little on-site groundwater is captured. The
capture zone of the car wash well is in the southwestern comer of the site.
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• From the other scenarios, it was learned that wells DMW-9, TW-8, and C-2 could potentially
have the largest impact on the capture zone in all layers. Pumping DMW-9 and TW-8 at 10
gallons per minute each extends the capture zone to the north. Pumping well C-2 at 5 gallons
per minute in combination with the other wells extends the capture zone to the west so that a
only a small portion of the northwest corner of the site remains uncaptured. Pumping well
TW-5 and TW-4 could have an impact on the capture zone above the gray shale marker, but
has little impact in deeper zones.

• Pumping on-site wells moves the capture zone of the car wash well. When pumping C-l,
DMW-9, TW-8, and C-2 in combination, the capture zone of the car wash well is moved off-
site.

Much has been learned from this modeling study to-date. However, the number of scenarios have
been limited by the available funding and schedule for the project. Also, it is important that prior to
remedial design the model should be upgraded from "preliminary" status to "predictive" status by
resolving data gaps and uncertainties and performing additional calibration. Therefore, the project
team has the following specific recommendations:

• Now that the preliminary model has been developed and calibrated, and a number of
scenarios have been simulated, the model should be used to explore various other "what-if'
conditions that might be reasonable. All the potential remedial options should be examined
during the Feasibility Study, before the Record of Decision (ROD) is signed for the
permanent groundwater remedy. For example, the effect of recharging the shallow bedrock
to release contaminants that may be hung up due to dewatering ought to be explored.

• The duration of pumping required to meet project objectives should be optimized with the
model. For specific guidance on cleanup times, a contaminant transport model could be
developed.

• The model could also be used to provide guidance on how to control DNAPLs present at the
site.

• The model should be upgraded and re-calibrated as additional data is obtained. As more
specific data is obtained for calibration, it should be used for both remedial design and
remedial action activities to meet the objectives of EPA Region n.

o1 2
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TABLE 1
CHEMSOL GROUNDWATER MODEL - CONDUCTIVITIES CALCULATED FROM PACKER TESTS

WELL TEST BY
SURFACE
ELEVFT

TOP
DEPTH FT

BOTTOM
DEPTH FT

TOP
ELEVFT

BOTTOM
ELEVFT

ZONE
TESTED

Well Efficiency
100%

K (FT/DAY)
50%

K (FT/DAY)
33%

K (FT/DAY)
SHALLOW CONDUCTIVE ZONE
DMW-10
DMW-11

Round 3 Test 3
Round 1 Test 4

COM
COM

78
84

154
77

168
102

-76
7

-90
-18

CZ1
CZ1
MIN
MAX
AVE

6.38
14.85
6.38

14.85
10.615

12.76
29.7

12.76
29.7

21.23

19.14
44.55
19.14
44.55

31.845
DEEP CONDUCTIVE ZONE
DMW-9 Round 2 Test 1 COM 73.8 152.1 167.1 -78.3 -93.3 CZ2

AVE
46.4
46.4

92.8
92.8

139.2
139.2

RED SHALE UNIT
C-1
C-1
C-1
C-1
C-1
C-1
C-1
C-1
C-1
C-1
C-1

-1
-1
-1
-1
-1

C-1

LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY

77.3
77.3
77.3
77.3
77.3
77.3
77.3
77.3
77.3
77.3
77.3
77.3

77.3
77.3
77.3
77.3
77.3

20
30
40
50
60
70
80
90

100
110

120
130
140
150
160
170
180

30
40
50
60
70
80
90

100
110
120
130
140
150
160
170
180
190

57.3
47.3
37.3
27.3
17.3
7.3

-2.7
-12.7
-22.7
-32.7
-42.7
-52.7
-62.7

-72.7
-82.7
-92.7

-102.7

47.3
37.3
27.3
17.3
7.3

-2.7
-12.7
-22.7
-32.7
-42.7
-52.7
-62.7
-72.7

-82.7
-92.7

-102.7
-112.7

SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE

0.3456
0.1296
0.2592
0.0864
0.0864
0.3024
0.1728

0.216
0.216

0.1728
0.432
1.728
0.648
0.216

0.2592

1.728
0.5616

0.6912
0.2592
0.5184
0.1728
0.1728
0.6048
0.3456

0.432
0.432

0.3456
0.864
3.456
1.296
0.432

0.5184
3.456

1.1232

1.0368
0.3888
0.7776
0.2592
0.2592
0.9072
0.5184

0.648
0.648

0.5184
1.296
5.184
1.944

0.648

0.7776

5.184

1 .6846



TABLE 1 (Continued)
CHEMSOL GROUNDWATER MODEL - CONDUCTIVITIES CALCULATED FROM PACKER TESTS

WELL

C-1

TEST BY

LANCY

SURFACE
ELEVFT

77.3

TOP
DEPTH FT

190

BOTTOM
DEPTH FT

200

TOP
ELEVFT

-112.7

BOTTOM
ELEVFT

-122.7

ZONE
TESTED

SHALE

Well Efficiency
100%

K (FT/DAY)
1.08

50%
K (FT/DAY)

2.16

33%
K (FT/DAY)

3.24
)ED SHALE UNIT (Continued)

C-1
C-1
C-1
C-1
C-1
C-1
C-1
C-2
C-3
C-3
C-4
C-4
C-4
C-4
C-6
)MW-10
)MW-10
5MW-11
5MW-11
DMW-11

3MW-9
DMW-9

Round 1 Test 6

Round 2 Test 4
Round 3 Test 2
Round 3 Test 1
Round 1 Test 3
Round 1 Test 2
Round 1 Long
Term
Round 2 Test 3
Round 2 Test 2

LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
LANCY
COM
MC/HART
MC/HART
MC/HART
MC/HART
MC/HART
MC/HART
COM
COM
COM
COM
COM
COM

COM
COM

77.3
77.3
77.3
77.3

77.3
77.3
77.3
85.2
78.7
78.7
79.1

79.1
79.1
79.1
73.5

78
78
84
84
84

73.8
73.8

200
210
220
230
240
250
260
267
98

115
64
79

103
115
78

208

230
110.2

167
140

100
120

210
220
230
240
250
260
270
287
112
128
78
93

117
128.7

102
222
250

130.2
192
250

120
140

-122.7
-132.7
-142.7
-152.7
-162.7
-172.7
-182.7
-181.8

-19.3
-36.3
15.1
0.1

-23.9
-35.9

-4.5
-130
-152

-26.2
-83
-56

-26.2
-46.2

-132.7
-142.7
-152.7
162.7

-172.7
-182.7
-192.7
-201.8

-33.3
-49.3

1.1
-13.9
-37.9

-49.6
-28.5
-144
-172
-46.2
-108
-166

-46.2
-66.2

SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE
SHALE

SHALE
SHALE
MIN
MAX
AVE

0.648
0.09504
0.5184
0.3024

0.216
0.7344
0.5616

0.79
2.16
0.23
2.98
0.24
0.56
2.18
2.43
0.63
0.76
1.99
0.76
1.04

0.58
4.56

0.0864
4.56

0.840

1.296
0.19008

1.0368
0.6048
0.432

1.4688
1.1232

1.58
4.32
0.46
5.96
0.48

1.12
4.36
4.86
1.26
1.52
3.98
1.52
2.08

1.16
9.12

0.1728
9.12
1.68

1.944
0.28512

1.5552
0.9072
0.648

2.2032
1 .6848

2.37
6.48
0.69
8.94

0.72
1.68
6.54
7.29
1.89
2.28
5.97
2.28
3.12

1.74
13.68

0.2592
13.68
2.52



TABLE 2
CHEMSOL GROUNDWATER MODEL

REGIONAL K VALUES ESTIMATED FROM SPECIFIC CAPACITY TESTS

Data from Middlesex Count 208 Area-Wide Wast Treatment Management Planning
Task 8 - Ground-water Analysis
Prepared by Geraghty & Miller, November, 1976

Analysis from Johnson, Appendix 16.D, Equation (1)
Assume initial T = 56100.0 GPD/FT

t= 0.2 DAY
r= 0.3 FT
S= 1x10'31/FT

Using equation 1, the relationship becomes:

(k=25 ft/day & b=300 ft)
(4 hours)
(radius of well = 6 inches)
Storage

T= 2022 (Q/S)

Q/S

9.3

1.6

1.1

0.8

0.9

0.3

1.3

0.7

0.7

1.1

1.3

1.4

0.6

0.3

0.5

1.1

1

0.9

T GPD/FT

18804.6

3235.2

2224.2

1617.6

1819.8

606.6

2628.6

1415.4

1415.4

2224.2

2628.6

2830.8

1213.2

606.6

1011.0

2224.2

2022.0

1819.8

T (FT2/DAY)

2514.0

432.5

297.4

216.3

243.3

81.1

351.4

189.2

189.2

297.4

351.4

378.4

162.2

81.1

135.2

297.4

270.3

243.3

MIN

MAX

AVE

Well Efficiency
100%

K (FT/DAY)
8.38
1.44

0.99

0.72

0.81

0.27

1.17

0.63

0.63

0.99

1.17

1.26

0.54

0.27

0.45

0.99

0.90

0.81

0.27

8.38

1.25

50%
K (FT/DAY)

16.76

2.88

1.98

1.44

1.62

0.54

2.34

1.26

1.26

1.98

2.34

2.52

1.08

0.54

0.90

1.98

1.8

1.62

0.54

16.76

2.49

33%
K (FT/DAY)

25.14

4.33

2.97

2.16

2.43

0.81

3.51

1.89

1.89

2.97

3.51

3.78

1.62

0.81

1.35

2.97

2.70

2.43

0.81

24.14

3.74

400277



TABLE 3
SUMMARY OF BASE FLOW ANALYSIS

FROM USGS STREAM GAGE DATA

BOUND BROOK

1972

1973

1974

1975

1976

1977

AVERAGE

Drainage Area = 48.4 mi2

Oct - Jan cfs

-

40.0

25.0

25.0

32.0

12.0

26.8

Feb - May cfs
-

45.0

40.0

50.0

35.0

25.0

39.0

Jun - Sep cfs

8.0

20.0

9.0

30.0

10.0

9.0

14.3

BOUND BROOK ANNUAL AVERAGE = 26.7

GREEN BROOK

1980

1981

1982

1983

1984

AVERAGE

Drainage Area = 9.75 mi2

Oct -Jan cfs
-

1.0

3.0

1.5

6.0

2.9

Feb - May cfs

9.0

4.0

5.0

12.5

11.0

8.3

Jun - Sep cfs

1.3

0.5

2.0

2.5

4.0

2.1

GREEN BROOK ANNUAL AVERAGE = 4.4
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TABLE 4
AMBROSE BROOK AT MIDDLESEX, NJ GAGE READINGS

DRAINAGE AREA = 13.9 mr2

DATE

18- Apr-79

12-Sep-79

02-Jul-80
04-Sep-80

01-Jul-81

25-Sep-81

13-May-82

17-Aug-82

16-Jun-83

16-Aug-83

11-Sep-84

27-Apr-85

12-Aug-85

17-Sep-85

18-Jul-86

09-Sep-86

23-Jul-87

24-Sep-87

01-Jul-88

09-Sep-88

21-Jun-89

07-Sep-89

14-Jun-90

07-Sep-90

12-Jun-91

24-Aug-91

MIN

MAX

.AVE

DISCHARGE CFS

13.70

5.29

4.74

0.96

2.08

3.86

3.55

1.58

2.71

2.68

1.72

2.73

2.58

2.58

7.08

3.32

5.02

10.50

2.20

3.82

11.10

2.66

6.11

4.13

20.00

2.47

0.96

20.00

4.97

400279



TABLE 5
CHEMSOL GROUNDWATER MODEL

CALIBRATION RESULTS FOR AUGUST 1994

WELL
C-1
C-2
C-3
C-4
C-5
C-6
C-7
C-8
C-9
C-10
DMW-1
DMW-2
DMW-3
DMW-4
DMW-5
DMW-6
DMW-7
DMW-8
DMW-9
DMW-10
DMW-1 1
MW-101
MW-102
MW-103
MW-104
TW-1
TW-10
TW-11
TW-12
TW-13
TW-14
TW-15
TW-2
TW-3
TW-4
TW-5
TW-5A
TW-6
TW-7
TW-8
TW-9

CALCULATED HhAU h I
61.228
58.354
61.132
60.441
60.091
61.442
59.531
59.235
59.432
60.274
59.248
58.706
60.469
60.012
59.467
58.873
60.429
59.828
61 .235
58.956
58.659
59.315
59.841
57.713
60.143
59.761
61.031
62.101
62.869
62.651
58.694
60.930
59.904
59.892
61.440
62.206
62.190
61.776
61.198
60.807
61.599

OBSERVED HhAU t- 1
58.500
58.360
58.390
58.200
58.370
59.210
59.100
59.320
59.410
59.110
58.360
57.860
58.360
57.860
58.280
58.210
58.320
57.850
58.180
58.420
58.310
58.020
57.810
58.300
58.420
59.560
63.450
67.210
65.270
59.760
59.850
62.150
59.980
59.560
59.370
62.980
62.280
58.760
61.460
59.150
58.710

DIFFERENCt hi
2.728

-0.006
2.742
2.241
1.721
2.232
0.431

-0.085
0.022
1.164
0.888
0.846
2.109
2.152
1.187
0.663
2.109
1.978
3.055
0.536
0.349
1.295
2.031
-0.587
1.723
0.201

-2.419
-5.109
-2.401
2.891

-1.156
-1.220
-0.076
0.332
2.070
-0.774
-0.090
3.016

-0.262
1.657
2.889

Mean Difference All Wells 0.807
Standard Deviation 1 .708
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TABLE 6
CHEMSOL GROUNDWATER MODEL

AUGUST 1994 CALIBRATION RESULTS FOR VERTICAL GRADIENTS

Shallow Well

TW-8

TW-8

TW-2

TW-3

TW-3

TW-4

TW-4

TW-4

TW-5A

TW-5A

TW-10

TW-10

Deeper Well

DMW-1

DMW-2

C-9

C-8

MW-103

C-10

DMW-5

DMW-6

DMW-7

DMW-8

C-7

DMW-1 0

Observed Gradient
FT/FT

0.0040

0.0070

0.0080

0.0030

0.0050

0.0030

0.0070

0.0009

0.0200

0.0060

0.0400

0.0080

Simulated Gradient
FT/FT

0.0083

0.0077

0.0070

0.0068

0.0071

0.0150

0.0103

0.0090

0.0092

0.0085

0.0128

0.0104

400281



TABLE 7
REGIONAL WATER LEVEL DATA

PROVIDED BY NJDEP

WELL
SURF

ELEVFT
DEPTH

WELL FT

MARY KAY SITE

MW2P

MW2D

MW3P

MW3D

MW4P

MW4D

MW6P

MW6D

106.43

104.43

104.79

104.91

102.96

102.96

103.41

103.2

50

65

TOP
SCREEN FT

BOTTOM
SCREEN FT

DEPTH TO
GWFT

GW ELEV
FT

46.12

. 47.35

30.09

34.95

31.75

31.65

20.21

20.21

MIN

MAX

AVE

STD

60.31

57.08

74.70

69.96

71.21

71.31

83.20

82.99

57.08

83.20

71.35

8.77

HULS SITE

MW1

MW2

MW3

MW4

MW5

MW6

MW7

MW8

MW9

79.12

74.53

78.67

79.67

80.68

79.32

74.34

78.25

77.82

40

40

40

40

35

40

40

40

40

39

34

38

39

45

39

34

38

37

62

57

61

61

65

58

53

58

57

17.32

13.42

9.1

15.3

13.36

14.38

15.3

17.92

18.81

MIN

MAX

AVE

STD

61.80

61.11

69.57

64.37

67.32
64.94

59.04

60.33

59.01

59.01

69.57

63.05

3.51

UNION SITE

MW1

MW2

MW3

78.18

77.15

80.58

47.5

47.5

55

28.7

26.8

23.4

61.2

59.3

63.4

19.07

25.58

30.44

59.11

51.57

50.14

400282



TABLE 7 (Continued)
REGIONAL WATER LEVEL DATA

PROVIDED BY NJDEP

WELL
SURF

ELEVFT
DEPTH

WELL FT
TOP

SCREEN FT

UNION SITE (Continued)
MW4

MW5

MW6

MW7

MW9

MW10

MW11

DW1

ERM1S

ERM1D

ERM2S

ERM2D

ERM4S

ERM4D
SKD

SKR

SK21

SK61

SK6D

78.38

84.6

82.37

78.34

75.51

77.33

78.13

78.4

82.08

81.74

76.01

77.66

85.55

85.6

79.14

78.15

77.08

74.86

75.09

55

47.5

62.5

55

55

55

55

90

55

150

55

150

55

150

122.5

90

80

92

130

21.4

34.2

17.5

21.3

18.3

20.1

21

-13.6

25.6

-74.7

19.8

-66.4

28.3

-66.5

-45.9

-14.2

-5.6

-18

-56.2

BOTTOM
SCREEN FT

DEPTH TO
GWFT

GW ELEV
FT

61.4

66.7

65

61.3

58.3

60.1

61

16

65.6

-24

59.8

-16

68.3

-16

-35

-25

4.4

-8

-46

28.43

33.99

22.72

28.89

26.68

27.95

27.78

28.84

18.96

32.31

26.88

27.84

32.93

33.86

29.38

28.8

28.35

26.75

26.64

MIN

MAX

AVE

STD

49.95

50.61

59.65

49.45

48.83

49.38

50.35

49.56

63.12

49.43

49.13

49.82

52.62

51.74

49.76

49.35

48.73

48.11

48.45

48.11

63.12

51.31

3.90
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TABLE 8
CHEMSOL GROUNDWATER MODEL
CALIBRATION RESULTS FOR 8/18/95

WELL
DMW-2
DMW-4
DMW-8
MW-101
MW-102
MW-104
C-2
C-3
C-4
C-5
DMW-1
DMW-3
DMW-5
DMW-6
DMW-7
DMW-10
DMW-1 1
MW-103
DMW-9
TW-7
TW-9
TW-13
TW-14
C-6
C-7
C-8
C-9
C-10
TW-6
TW-8
TW-1
TW-2
TW-3
TW-4
TW-5
TW-5A
TW-10
TW-11
TW-12

CALCULATED
DRAWDOWN FT

1.475
1.591
1.814
1.748
1.732
1.002
1.420
1.974

2.169
2.363
1.764
1.737
2.019
1.566
2.412
1.597
1.566
1.201
1.955
2.320
2.115
1.379
1.437
1.907
1.678
1.570
1.632
2.153
2.784
2.553
1.733
1.702
1.611
2.449
2.656
2.686
1.755
1.838
1.350

OBSERVED
DRAWDOWN FT

2.280
2.290
2.420
2.470
2.270
2.850
3.020
3.060
2.870
4.140
2.690
2.550
3.210
2.910
3.000
3.190
3.130
2.990
3.270
3.480
3.380
3.040
2.800
2.110
1.970
2.090
2.080
2.060
3.370
3.300
2.190
2.040
2.090
1.990
2.630
2.790
1.000
2.010
2.440

DIFFERENCE FT
0.805
0.699
0.606
0.722
0.538
1.848
1.600
1.086
0.701
1.777
0.926
0.813
1.191
1.344
0.588
1.593
1.564
1.789
1.315
1.160
1.265
1.661
1.363
0.203
0.292
0.520
0.448
-0.093
0.586
0.747
0.457
0.338
0.479
-0.459
-0.026
0.104
-0.755
0.172
1.090

Mean Difference All Wells 0.796
Standard Deviation 0.629
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TABLE 9
CALIBRATED MODEL PROPERTIES
CHEMSOL GROUNDWATER MODEL

ZONE

Weathered Bedrock

Regional Shale

Shale underlying streams

Upper shallow conductive zone

Lower shallow conductive zone

Shallow gray marker

Upper deep conductive zone

Lower deep conductive zone

Deep gray unit

LAYERS

9

8,5,3,1

All

7

7

6

4

4

2

Kx (strike)
feet/day

0.375

25

250

20

5

0.08

50

5

0.08

Ky(dip)
tot/day

0.375

12.5

125

20

5

0.08

50

5

0.08

Kz feet/day

0.375

12.5

125

2

0.5

0.08

5

0.5

0.08

RECHARGE 6 IN/YEAR

400285
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SOIL ALTERNATIVES
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TABLE S-2B

COST ESTIMATE FOR ALTERNATIVE S-2B
CAPPING WITH ASPHALT

Item

1. DEED RESTRICTION

2. OFFSITE DISPOSAL OF DRUMMED WAST
- Sampling and Analysis
- Well Cuttings
- Baker Tank Sediment
-PRE
- Plastic Sheeting
- Hose/Wire/Polytubing
- Misc. Solid Waste

3. OFFSITE DISPOSAL OF SOIL STOCKPILE
- Sampling and Analysis
- Loading onto Dumpsters
- Transportation and Disposal

4. CAPPING WITH ASPHALT
- Site Clearing and Grubbing, Rough Grading

and Dewatering
-- Pavement Base
- Asphalt

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH OF COSTS

Size or Quantity

1 LS

10
167 drums
95 drums
56 drums
22 drums
3 drums

25 drums

10
4 days

1,450cy

12 acres

12 acres 9-in thick
12 acres 2-in thick

10%
15%
30%

5%
10%

10%

Capital Costs
($)

$25,000

20,000
23,380
13,300
7,840
3,060

420
3,500

20,000
5,200

101,500

36,000

447,216
645,333

1,351,769
1,351,769

135,177
202,765
405,531

2,095,242

104,762
209,524

2,409,528

240.953
2,650.481

O&M Costs ($)
Annual

175,000

175,000

Present Worth

2,689,750

2,689.750
2,689,750

268,975
403,463

3,362,186

3,362,188

3,362,188

6.012,669 (say 6.01 3,000)
5% discount

1. Costs for offsite disposal are based on assumption that all soil and wastes can be disposed of at a non-TSCA facility.
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TABLE S-5A

COST ESTIMATE FOR ALTERNATIVE S-5A
SOLVENT EXTRACTION FOR PCBs AND

SOLIDIFICATION/STABILIZATION FOR LEAD

Item

1 . EXCAVATION
- Clearing and Grubbing
- Temporary Drainage/Dewatering
- Excavation
- Confirmatory Sampling

2. OFFSITE DISPOSAL OF DRUMMED WASTE
- Sampling and Analysis
- Empty Drums for Well Cuttings
- Baker Tank Sediment
-PRE
- Plastic Sheeting
- Hose/Wire/Polytubing
- Misc. Solid Waste

3. SOLVENT EXTRACTION
- Mobilization/Demoblization
- Bench Scale Testing
- Treatment
- Sampling and Analysis

4. SOLIDIFICATION/STABILIZATION
- Mobilization/Demoblization
- Treatment
- Sampling and Analysis

5 BACKFILLING
- Treated Soil and Solidified Mass
- Topsoil and Seed

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH OF COSTS

Size or Quantity

3 acres
1 Is

1 8,500 cy
160

10
167 drums
95 drums
56 drums
22 drums

3 drums
25 drums

1 Is
1 Is

1 8,799 cy/30,078 ton
301

1 Is
3,081 cy

31

21,880cy
12 acres 6-in

10%
15%
30%

5%
10%

10%

Capital Costs($)
9,240

20,000
55,000
72,000

20,000
1,670

13,300
7,840
3,080

420
3,500

750,000
10,000

6,767,550
180,600

100,000
77,025
13,950

109,400
377,520

8,592,095
8,592,095

859,210
1,288,814
2,577,629

13,317,747

665,887
1 ,331,775

15,315,409

1,531.541
16,846,950

O&M Costs ($)
Annual

0

Present Worth

0
0

0
0

0

0

0

16,846,950 (say 16,847,000)
5% discount

1. Costs for offsite disposal are based on assumption that all drummed wastes can be disposed of at a non-TSCA facility.
2. Onsrte soil stockpiles (est. 1,445 cy) and drummed well cuttings (est. 46 cy) will be treated as PCB contaminated soil.
3. Solvent Extraction costs are based on Resources Conservation Company, Beltevue, WA.

400321



TABLE S-6B

COST ESTIMATE FOR ALTERNATIVE S-5B
SOLVENT EXTRACTION FOR PCBs AND

OFFSITE DISPOSAL FOR LEAD

Item

1. EXCAVATION
- Clearing and Grubbing
- Temporary Drainage/Dewatering
- Excavation
- Confirmatory Sampling

2. OFFSITE DISPOSAL OF DRUMMED WASTE
- Sampling and Analysis
- Empty Drums for Well Cuttings
- Baker Tank Sediment
-PPE
- Plastic Sheeting
- Hose/Wire/Porytubing
- Misc. Solid Waste

3 SOLVENT EXTRACTION
- Mobilization/Demoblization
- Bench Scale Testing
- Treatment
- Sampling and Analysis

4. OFFSITE DISPOSAL OF LEAD SOIL
- Loading onto Dumpsters
- Transportation and Disposal
- Sampling and Analysis

5. BACKFILLING
- Treated Soil
- Imported Fill
- Topsoil and Seed

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH OF COSTS

Size or Quantity

3 acres
11s

1 8,500 cy
160

10
167 drums
95 drums
56 drums
22 drums

3 drums
25 drums

1 Is
1 Is

18,799cy/30.078ton
301

155dumpsters
3,081 cy/4,930 ton

31

16,903 cy
Ocy

12 acres 6-in

10%
15%
30%

5%
10%

10%

Capital Costs
($)

9,240
20,000
55,000
72,000

20,000
1,670

13.300
7,840
3.080

420
3.500

750,000
10.000

6,767,550
180,600

1,550
345,100
13,950

84,515
0

377,520

8,736,835
8,736,835

873,684
1,310,525
2,621,051

13.542,084

677,105
1,354,209

15,573,408

^557,341
17,130,749

O&M Costs ($)
Annual

0

Present Worth

0
0

0
0

0

0

0

17,130,749 (*ay 17,131.000)
5% discount

1. Costs for offsHe disposal are based on assumption that all drummed wastes and soil can be disposed of at a Non-TSCA facility
2 Onsite soil stockpiles (est 1.450 cy) and drummed well cuttings (est. 46 cy) will be treated as PCB contaminated soil.
3. Solvent Extraction costs are based on Resource Conservation Company, BeHevue, WA.



TABLE S-6A

COST ESTIMATE FOR ALTERNATIVE S-6A
BASE-CATALYZED DECOMPOSITION FOR PCBs AND

SOLIDIFICATION/STABILIZATION FOR LEAD

Item

1. EXCAVATION
- Clearing and Grubbing
- Temporary Drainage/Dewatering
- Excavation
- Confirmatory Sampling

2. OFFSITE DISPOSAL OF DRUMMED WASTE
- Sampling and Analysis
- Empty Drums for Well Cuttings
- Baker Tank Sediment
-PRE
- Plastic Sheeting
- Hose/Wire/Polytubing
- Misc. Solid Waste

3. BCD PROCESS
- Mobilization/Demoblization
- Bench Scale Testing
- Treatment
- Sampling and Analysis

4. SOLIDIFICATION/STABILIZATION
- Mobilization/Demoblization
- Treatment
- Sampling and Analysis

5 BACKFILLING
- Treated Soil and Solidified Mass
- Topsoil and Seed

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH OF COSTS

Size or Quantity

3 acres
11s

1 8,500 cy
160

10
167 drums
95 drums
56 drums
22 drums
3 drums

25 drums

1 Is
1 Is

1 8,799 cy/30,078 ton
301

11s
3,081 cy

31

21,880cy
12 acres 6-in

10%
15%
30%

5%
10%

10%

Capital Costs
($)

9,240
20,000
55,000
72,000

20,000
1,670

13,300
7,840
3,080

420
3,500

400,000
10,000

6,015,600
180,600

100,000
77,025
13,950

109,400
377,520

7,490.145
7,490,145

749,015
1,123,522
2,247,044

11,609,725

580,486
1,160,972

13,351,183

1,335,118
14,686,302

O&M Costs ($)
Annual

0

Present Worth

0
0

0
0

0

0

0

14,686,302 (say 14,686,000)
5% discount

1. Costs for offsite disposal are based on assumption that all drummed wastes can be disposed of at a non-TSCA facility.
2. Onsite soil stockpiles (est. 1,450 cy) and drummed well cuttings (est.46 cy) will be treated as PCB contaminated soil.
3. BCD costs are based on ETC Environmental Inc. Philadelphia, PA.
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TABLE S-6B

COST ESTIMATE FOR ALTERNATIVE S-6B
BASE-CATALYZED DECOMPOSITION FOR PCBs AND

OFFSITE DISPOSAL FOR LEAD

Item

1. EXCAVATION
-Clearing and Grubbing
- Temporary Drainage/Dewatering
- Excavation
- Confirmatory Sampling

2. OFFSITE DISPOSAL OF DRUMMED WASTE
- Sampling and Analysis
- Empty Drums for Well Cuttings
- Baker Tank Sediment
-PRE
- Plastic Sheeting
- Hose/Wire/Polytubing
- Misc. Solid Waste

3. BCD PROCESS
- Mobilization/Demoblization
- Bench Scale Testing
-Treatment
- Sampling and Analysis

4. OFFSITE DISPOSAL OF LEAD SOIL
- Loading onto Dumpsters
- Transportation and Disposal
- Sampling and Analysis

5. BACKFILLING
- Treated Soil
- Imported Fill
- Topsoil and Seed

Subtotal
CONS) nUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH OF COSTS

Size or Quantity

3 acres
11s

18,500 cy
160

10
167 drums
95 drums
56 drums
22 drums
3 drums

25 drums

1 1s
11s

1 8,799 cy/30,078 ton
301

155 dumpsters
3,081 cy/4,930ton

31

16,903 cy
Ocy

12 acres 6-in

10%
15%
30%

5%
10%

10%

Capital Costs
($)

9,240
20,000
55,000
72,000

20,000
1,670

13,300
7,840
3,080

420
3,500

400,000
10,000

6,015,600
180,600

1,550
345,100
13,950

84,515
0

377,520

7,634,885
7,634,885

763,489
1,145,233
2.290,466

11,834,072

591,704
1,183,407

13,609,183

1.360,918
14,970,101

O&M Costs ($)
Annual

0

Present Worth

0
0

0
0

0

0

o
14,970,101 (say 14,970,000)

5% discount

1. Costs for offsrte disposal are based on assumption that all drummed wastes and soil can be disposed of at a non-TSCA facility.
2. Onsite soil stockpiles (est. 1,450 cy) and drummed weN cuttings (est. 46 cy) will be treated as PCB contaminated soil.
3. BCD costs are based on ETC Environmental Inc. Philadelphia, PA.
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GROUNDWATER ALTERNATIVES
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TABLE GW-3A

COST ESTIMATE FOR ALTERNATIVE GW3A
EXTRACT GROUNDWATER FROM WELL C-1, TW-8, AND DMW-9, AND

DISCHARGE TREATED WATER TO POTW

Item

1. LONG-TERM MONITORING PROGRAM
(selected 20 existing wells and stream 1A)
(30 years)

a) Annual Ground Water Sampling and Analysis
b) Report Preparation

Subtotal

2. EXTRACTION SYSTEM INSTALLATION
a) Installation of well pumps, well vaults,

piping and appurt., and elec. and instrumentation,
b) Piping (buried, double-wall) and appurtances
c) Installation of monitoring wells

Subtotal

3. GROUNDWATER TREATMENT SYSTEM
a) Utility, Chemicals. Sludge Disposal. Routine

Maintenance

Subtotal

4. POTW DISCHARGE FEE
Year 1 & 2
Year 3
Year 4
Year 5 & onwards

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

Size or Quantity

31 samples per year
6

3

1980 LF
4

40gpm

Est. 42 million gal.
Est. 21 million gal.
Est. 21 million gal.
Est. 546 million gal.

10%
15%
30%

5%
10%

10%

Capital Costs
($)

0

46,500

58,000
44,000

148.500

0
148,500

14,850
22,275
44.550

230,175

11.509
23.018

264.701

26.470
291,171

O&M Costs ($)
Annual

42.525
1.811

44,336

327,863

327.863

84,000
126,000
168,000
210,000

187.926
560,125

0
0
0

560,125

0
0

560,125

0
560.125

Present Worth*

653,694
27.835

681.529

0

0

5.039,254

5,039.254

156.156
108.839
138.214

2,483.526

2.886.734
8,607,517

0
0
0

8J507.517

0
0

8,607,517

0
8,607,517

NET PRESENT WORTH OF COSTS 8,898.689 (Say $8.899,000)
1 Discount Rate = 5%

1 Pumping a total of 40 gpm from 3 welte: C-1 (20 gpm), TW-8 (10 gpm), and DMW-9 (10 gpm).
2 Assume all wastewater generated during sampling will be treated by the treatment plant.
3 Groundwater Sample No. (per event): Estimated 20 existing wells, one dup. five field blanks and trip blanks.
4. Assume major process equipment will last for the project span life time under routine O & M .
5. Bioreactor will not be operated due to the discharge option.
6 Cost estimate for Groundwater Treatment System was modified based on actual 95' O&M costs.
7. MCUA Discharge fees are based on $4.0 per 1,000 gal. for the 1st & 2nd year, $6.0 per 1,000 gal. for the 3rd year,

$8.0 per 1,000 gal for the 4th year, and $10.0 per 1,000 gal. for the 5th year and onwards.
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TABLE GW-3B

COST ESTIMATE FOR ALTERNATIVE GW3B
EXTRACT GROUNDWATER FROM WELL C-1, TW-8. AND DMW-9, AND

DISCHARGE TREATED WATER TO STREAM 1A

Item

1. LONG-TERM MONITORING PROGRAM
(selected 20 existing wells and stream 1 A)
(30 years)

a) Annual Ground Water Sampling and Analysis
b) Stream 1A Sampling and Analysis
C) Report Preparation

Subtotal

2. EXTRACTION SYSTEM INSTALLATION
a) Installation of well pumps, well vaults,

piping and appurt, and elec. and instrumentation,
b) Piping (buried, double-wall) and appurtances
c) Installation of monitoring wells

Subtotal

3. GROUNDWATER TREATMENT SYSTEM
a) Utility, Chemicals, Sludge Disposal, Routine

Maintenance

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

Size or Quantity

31 samples par year
60 events, 240 samples

6

3

1980 LF
4

40gpm

10%
15%
30%

5%
10%

10%

Capital Costs
($)

0

46,500

58,000
44,000

148,500

0
148,500

14.850
22575
44.550

230.175

11.509
23.016

264,701

26.470
291,171

O&M Costs ($)
Annual

42,525
19,000
1,811

63,336

678,000

678.000
741.336

0
0
0

741,336

0
0

741.336

0
741,336

Present Worth*

653.694
292.030
27,835

973,559

0

0
10,420.860

10.420.860
11,394,419

0
0
0

11,394.419

0
0

11,394,419

0
11,394.419

NET PRESENT WORTH OF COSTS 11,685.590 (Say $11 .686,000)
' Discount Rate = 5%

1. Pumping a total of 40 gpm from 3 wells: C-1 (20 gpm), TW-8 (10 gpm), and DMW-9 (10 gpm).
2. Assume all wastewater generated during sampling win be treated by the treatment plant
3 Groundwater Sample No. (per event): Estimated 20 existing wells, one dup. five field blanks and trip blanks.

Stream 1A Sample No. (per event): one upstream and one downstream
4. Assume major process equipment will last for the project span life time under routine O & M .
5 Operation of the bioreactor is estimated to be 350 K per year.
6. Cost estimate for Groundwater Treatment System was modified based on actual 95' O&M costs plus costs for.

bioreactor operation.
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TABLE GW-4A

COST ESTIMATE FOR ALTERNATIVE GW4A
EXTRACT GROUNDWATER FROM WELL C-1, C-2, TW-8, AND DMW-9, AND

DISCHARGE TREATED WATER TO POTW

Item

1 . LONG-TERM MONITORING PROGRAM
(selected 20 existing wells and stream 1A)

(30 years)
a) Annual Ground Water Sampling and Analysis
b) Report Preparation

Subtotal

2. EXTRACTION SYSTEM INSTALLATION
a) Installation of well pumps, well vaults,

piping and apprut , «tec. and instrumentation,
b) Piping (buried, double-wall) and appurtances
c) Installation of monitoring wells

Subtotal

3. GROUNDWATER TREATMENT SYSTEM
a) Utility, Chemicals, Sludge Disposal, Routine

Maintenance

Subtotal

4. POTW DISCHARGE FEE
Year 1 & 2
Year 3
Year 4
Year 5 and over

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

Size or Quantity

31 samples per year
6

4

1980 LF
4

45gpm

Est. 46 million gal.
Est. 23 million gal.
Est. 23 miHion gal.
Est. 598 million gal.

10%
15%
30%

5%
10%

10%

Capital Costs
($)

0

62.000

58,000
44,000

164,000

0
164,000

16,400
24,600
49,200

254,200

12,710
25,420

292,330

29,233
321,563

O&M Costs ($)
Annual

42,525
1,811

44,336

336,000

336,000

184,000
138,000
184,000
230,000

216.958
597,294

0
0
0

597,294

0
0

597,294

0
597,294

Present Worth*

653,694
27,835

681,529

0

0

0
5,164,320

5,164,320

0
342.056
119,204
151,377

2,720.052

3.332.689
9,178,538

0
0
0

9,178,538

0
0

9.178,538

0
9,178,538

NET PRESENT WORTH OF COSTS 9,600,101 (Say $9,600,000)
' Discount Rate = 5%

1. Pumping a total of 45 gpm from 4 welte: C-1 (20 gpm), C-2 (5 gpm), TW-8 (10 gpm), and DMW-9 (10 gpm).
2. Assume all wastewater generated during sampling will be treated by the treatment plant
3. Groundwater Sample No. (per event): Estimated 20 existing wells, one dup. five field blanks and trip blanks.
4 Assume major process equipment will last for the project span life time under routine O & M .
5 Bioreactor will not be operated due to the discharge option.
6 Cost estimate for Groundwater Treatment System was modified based on actual 95' O&M costs.
7. MCUA Discharge fees are based on $4.0 per 1,000 gal. for the 1st & 2nd year, $6.0 per 1,000 gal. for the 3rd year,

$60 per 1,000 gal. for the 4th year, and $10.0 per 1,000 gal. for the 5th year and onwards.
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TABLE GW-4B

COST ESTIMATE FOR ALTERNATIVE GW4B
EXTRACT GROUNDWATER FROM WELL C-1, C-2, TW-8, AND DMW-9, AND

DISCHARGE TREATED WATER TO STREAM 1A

Item

1. LONG-TERM MONITORING PROGRAM
(selected 20 existing w*Hs and stream 1 A)
(30 years)

a) Annual Ground Water Sampling and Analysis
b) Stream 1A Sampling and Analysis
C) Report Preparation

Subtotal

2. EXTRACTION SYSTEM INSTALLATION
a) Installation of well pumps, well vaults,

and elec. and instrumentation,
b) Piping (buried, double-wall) and appurtances
c) Installation of monitoring wells

Subtotal

3. GROUNDWATER TREATMENT SYSTEM
a) Utility, Chemicals, Sludge Disposal, Routine

Maintenance

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
}id Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

Size or Quantity

31 samples per year
60 events, 240 samples

6

4

1980 LF
4

45gpm

10%
15%
30%

5%
10%

10%

Capital Costs
($)

0

62.000

58,000
44,000

164,000

0
164,000

16.400
24.600
49,200

254,200

12,710
25.420

292,330

29,233
321,563

O&M Costs ($)
Annual

42,525
19.000
1.811

63,336

686,000

686.000
749,336

0
0
0

749,336

0
0

749,336

0
749,336

Present Worth*

653,694
292,030
27,835

973,559

0

0
10,543.820

10.543.820
11.517,379

0
0
0

11,517,379

0
0

11,517.379

0
11.517.379

NET PRESENT WORTH OF COSTS 11,838,942 (Say $11 339,000)
' Discount Rate = 5%

1. Pumping a total of 45 gpm from 4 wells: C-1 (20 gpm), C-2 (5 gpm), TW-8 (10 gpm), and DMW-9 (10 gpm).
2. Assume all wastewater generated during sampling will be treated by the treatment plant
3. Groundwater Sample No. (per event): Estimated 20 existing wells, one dup. five field blanks and trip blanks.

Stream 1A Sample no (per event): one upstream and one downstream.
4. Assume major process equipment wHI last for the project span life time under routine O&M.
5. Operation of the biorcactor is estimated to be 350 K per year.
6. Cost estimate for Groundwater Treatment System was modified based on actual 95' O&M costs plus costs for

bioreactor operation.
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APPENDIX C

TREATMENT PLANT COSTS AND RELATED INFORMATION
PROVIDED BY PRP GROUP
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04/29,% 1S.» EPfHERRD NJSB1 212-264-9331-,.......

CHSMSOL TREATMENT PLANT
OPERA TING COSTS

COSTS FOR 1996

Ptoutine OftM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $158.543
Cftrrecth/* Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14,035
•pert Parts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,883

Ncc. Equip, and Consumables . . . . . . . . . . . . . . . . . . . . . . . . 14,356

. Subcontractors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13,803
AntlytJeAl S«rvjc»c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ^ 32,796

Modifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27,713

Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2$8,129

COSTS FOR 1996

B*ctric/G»» . . . . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . . . . . $39,516

r Fees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46,762
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,085

Ts<»phon« . . . . . . . . . 7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 671

OWMATING COSTS . . . . . . . . . . . . . . . . . . . . . . . . . $358,153

n (e«t.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . «.03 ogr gallon

O'O 37^ A/ /
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flFR-30-1996 11:43 US EPft ERRD ROOM 737 212 264 7611 P.02/32

MONTH

3/96
2/96
1/96
12/95
11/95
10/95
9/95
8/95
7/95
6/95
5/95
4/95
3/95
2/95
1/95
12/94

EFFLUENT FLOW - MOD
AVERAGE MAXIMUM

0.037616
0.0378
0.0369
0.03735
0.03406
0.0346
0.03062
0.02467
0.0269
0.03255
0.03318
0.03162
0.03123
0.03023
0.0349
0.0369

0.048956
0.0477
0.0425
0.04626
0.04419
0.0455
0.03588
0.03894
0.0360
0.03802
0.04366
0.03941
0.03971
0.04468
0.0436
0.0501
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maximto

Jim

Bill

April 29,"1996

Drum Inventory and Soil Pile Volume
Chemsol Site

4J&FA
provided the following drum inventory taken today as requested by

It Cuttings 167 BBLS
Tank Sediment 95 BBLS
FPE . 56 BBLS

Pteetic Shooting 22 BBLS
HM*/Wim/Poiytubin0 3 BBLS
ta^ntlfliiil Z5 BBLS
tOTAL Jf 368 BBLS

w»il behind the treatment building Is stored in 3 covered piles, one of
7OO yd*, one of approximately 500 yd* and one of approximately 250

a* the aoti piles is from the UST removal. Another soil pile is from the treatment
feunctation excavation. The last pile is soil excavated from the adjacent area

of the treatment building. At this po/nt, only the UST impacted soils
for off-site disposal, I am looking through our older files to refresh my

as to the other 2 piles,

' *
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UTM OHIO AND 197O MAGNETIC NORTH
DECLINATION AT CENTER OF SHEET

METAL TREATING

NEW
JERSEY,

1000 2000 3000 4000 5000 6000 7000 rfll
:-ZIg^= .̂-—1 ~ 7 ~ -p=-.̂ =_ ——| I—— I ——— .-; J I OUAORANGLC LOCATION

CHEMSOL INC. SUPERFUND SITE
PISCATAWAY, MIDDLESEX, NEW JERSEY

LOCATION OF CHEMSOL SITE
COM FEDERAL PROGRAMS CORPORATION
• tubfidiary of Camp Dremer ft IfcKee Inc. FIGURE 1-1
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• Domestic Well

• (II) Industrial Well

Site Location

Nova Ukraine Section

Huls Trucking Site

SCALE 1:24000

FIGURE: 1-7
Residential and Industrial Wells Within
One-mile Radius of Site

Chemsol Site
Pbcataway, New Jersey
CDM Federal Programs Corporation
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GRAY SHALE DIP
EXAGGERATED
DUE TO VERTICAL
EXAGGERATION-

LEGEND
RED BROWN SILTSTONE
(SPOON REFUSAL)

RED BROWN CLAY AND SILT

RED BROWN MEDIUM
TO COARSE SAND

YELLOW BROWN SILTY CLAY

BLUE GRAY TO GRAY CLAY

RED BROWN WEATHERED
SILTSTONE

GRAY WEATHERED SHALE

BORING LOCATION

GRAPHIC SCALE
0 150

feet
Vertical Exaggeration = 30.00

DATE MAHN CHKO REMARKS

MIT OKI) M-
CMUCHCD in. PROGRAMS CORPORATION

w DraMf * IblM ba.

CHEMSOL INC. SUPERFUND SITE
PISCATAWAY MIDDLESEX COUNTY NEW JERSEY SCHEMATIC CROSS SECTION

NS1-NS1'

PROJECT NO.
772O-OM
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LEGEND
RED BROWN SILTSTONE
(SPOON REFUSAL)

RED BROWN CLAY AND SILT

RED BROWN MEDIUM
TO COARSE SAND

YELLOW BROWN SILTY CLAY

BLUE GRAY TO GRAY CLAY

RED BROWN WEATHERED
SILTSTONE

GRAY WEATHERED SHALE

BORING LOCATION 400341 GRAPHIC SCALE
0 155

VtrUoal Bxoggmiion - 30.71

OKIE yum CHKO REUWKS

r OHPD •»_
• CMTD m_ CDM FEDERAL PROGRAMS CORPORATION

' r «C Out n«Mr * I

CHEMSOL INC. SUPERRJND SITE
PISCATAWAY MIDDLESEX COUNTY NEW JERSEY SCHEMATIC CROSS SECTION

NS2 - NS2'

PROJECT NO.
7720-048

1-22



WEST EW1 EAST EW1'

80-

Q
If)
S
4->
0>

•-80

-78

-76

UJ
LU

(1)
0)

68

66-:

64 -1 1-64
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(SPOON REFUSAL)

RED BROWN CLAY AND SILT

RED BROWN MEDIUM
TO COARSE SAND

YELLOW BROWN SILTY CLAY

BLUE GRAY TO GRAY CLAY
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SILTSTONE

GRAY WEATHERED SHALE

BORING LOCATION
GRAPHIC SCALE
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CMM CHCO Wlm PitOGRAMS CORPORATION
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CHEMSOL INC. SUPERFUND SITE
PISCATAWAY MIDDLESEX COUNTY NEW JERSEY SCHEMATIC CROSS SECTION

EWI - EWV

PROJECT NO.
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TO COARSE SAND
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GRAPHIC SCALE
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firt
Vertlcol Exaggeration - 40.00

a BATE DR*WN CHKO REMARKS
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onm si:———
SHOT CHKD 0Y:_
noss CHCO nr:_ COM FEDERAL PROGRAMS CORPORATION

« MM41U7 of Cup Dmnr fc Kolee Inc.

CHEMSOL INC. SUPERFUND SITE
PtSCATAWAY MIDDLESEX COUNTY tCW JERSEY SCHEMATIC CROSS SECTION

EW3-EW3'

PROJECT NO.
7720-044
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FIGURE 1-27
Location of Suspected Source Areas at the Chemsol Site
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1

LEGEND

NO PCBs FOUND IN SOIL
BORING.

1 TO 5ppm PCBs IN SURFACE
SOIL AND SUBSURFACE SOIL.

ABOVE 5ppm PCBs IN SURFACE
SOIL AND 1 TO 5ppm PCBs IN
SUBSURFACE SOIL

1 TO 5ppm PCBs IN SURFACE
SOIL AND ABOVE 5ppm PCBs
IN SUBSURFACE SOIL.

ABOVE 5ppm PCBs IN SURFACE
SOIL AND SUBSURFACE SOIL.

NO PCBs IN SURFACE SOIL
AND 1 TO 5ppm PCBs IN
SUBSURFACE SOIL

1 TO 5ppm PCBs IN SURFACE
SOIL AND NO PCBs IN SUB-
SURFACE SOIL.

NO PCBs IN SURFACE SOIL
AND ABOVE 5ppm PCBs IN
SUBSURFACE SOIL

ABOVE 5ppm PCBs IN SURFACE
SOIL AND NO PCBs IN SUB-
SURFACE SOIL

A SOIL BORING LOCATION WHERE
NO PCB SCREENING WAS PERFORMED

L PROPERTY LINE LOCATION OSTAMD FROM TAX MAP •*
TOWN3W OF PBCATAWAY. MDOLE3EX OOUNTYJ€W JERSEY.
LATEST REVWON H-«.

SOURCE:
McDQCN/HART,r. »/»/K Old IVM/M

GRAPHIC 3CUX
T t_____T

DATE 3RWMI CHM> REMARKS

COM FEDERAL PROGRAMS CORPORATION
«t e*mt tittta * HdEM too.

CHEMSOL INC. SUPERFUND SITE
PHCATAWAY MOOLESCX COUNTY NEW JERSEY POLYCHLORINATED BIPHENYL SCREENING

OF OVERBURDEN SOILS

PROJECT NO.
7720-O46

1-28



EPA REGION II
SCANNING TRACKING SHEET

DOC ID # 62934

DOC TITLE/SUBJECT:
FIGURE 1-30
CHEMSOL INC., OPERABLE UNIT 1
CONCENTRATION LEVELS OF VOLATILE
ORGANICS IN GROUNDWATER COMPARED
TO MCLS FOR ROUND 1 SAMPLING

THIS DOCUMENT IS OVERSIZED AND CAN BE
LOCATED IN THE ADMINISTRATIVE RECORD FILE
AT THE

SUPERFUND RECORDS CENTER
290 BROADWAY, 18™ FLOOR
NEW YORK, NY 10007
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Flit NO JM00003
0»Tt OJ-II-J4
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FROM
PLANT SUMP

FROM-
WELL C-1

FROM
WEATHERED

BEDROCK ZONE
(FUTURE)

EFFLUENT
TO

SURFACE WATER
(CREEK)

TO MCUA

STREAM NO.

SCUDS CONC. %

25

25 25

30

50

30

50

40

65

30

50

40

65

40

65

59

95

59
95

37
55

40

65

37

55

4°
65

37
55

4°
65

37
55

85

85

560

560

85

85

17

75 30

560

560

22

40

0.6

19

30

0.6

10

0.6

17

75

0.6

<1

<1

40

<1

<1

<1

<1

1200

1200

400

400

400

400

406

409

406
409

<1

<1

75

75

10

15

<1

<1

LEGEND

FOWARD FLOW

FILTRATE k BACKWASH
AIR
SLUDGE
ADDITIVES

EQUIPMENT/PIPING OFFLINE FOR SURFACE DISCHARGE
BY-PASS FOWARD FLOW (MCUA OPERATION)
BY-PASS FILTRATE & BACKWASH (MCUA OPERATION)

CDM FEDERAL PROGRAMS
• mibtkUuj of Camp DTMMT It UcKet

f̂t'jrSSS'

CHEMSOL INC.. SITE
PtSCATAWAY. NE1T JMRSKY

lloLARBN/HAirr
TAL ENGDO
tBSTBR. PA

' TSOUNDWATER TREATMENT SYSTEM____COMBMED OSCHAME____
PROCESS FLOW DIAGRAM

FIGURE 2-1 W3



EPA REGION II
SCANNING TRACKING SHEET

DOC ID #62934

DOC TITLE/SUBJECT:
FIGURE 2-2
CHEMSOL INC., OPERABLE UNIT 1
SURFACE SOIL CONTAMINATION WITH PCBS
AND LEAD

THIS DOCUMENT IS OVERSIZED AND CAN BE
LOCATED IN THE ADMINISTRATIVE RECORD FILE
AT THE

SUPERFUND RECORDS CENTER
290 BROADWAY, 18™ FLOOR
NEW YORK, NY 10007



OENERAL REMEDIAL
RESPONSE ACTON

TECHNOLOGY PROCESS OPTIONS

TECHMOLOOVttPH&aCIIEEHEO
FROM FURTHER CONSIDERATION

FIGURE 2-3
GENERAL RESPONSE ACTIONS, TECHNOLOGIES AND PROCESS
OPTIONS FOR SOIL REMEDIATION

CCM FEDERAL PROGRAMS OOUQRAT1ON



GENERAL REMEDIAL
RESPONSE ACTION

TECHNOLOGY PROCESS OPTIONS

•XCAVATON

I TANKIUPE EXCAVATION

DESCRIPTION

SELF-EXPLANATORY

UNO UK RESTRICTION

SITE ZONED FOR RESDENTIAL USE
ONLY

U8E PHVSKAL BARRCR TO PREVENT

EXCAVATE OONTAMHATED SOIL

OOVeH MATERIAL TO PREVENT
EXPOSURE

COVER WITH SEVERAL LAYERS TO

TRENCH PILED WITH
CEMEMTflENTOMTE SLURRY

METAL SHEETMOS TO SLOCK

SCREENING COMMENTS

REQUIRED SY HOP

NOT READLY MPLEMETABLE

POTENTMU.Y APPLICABLE

POTENTIALLY APPLICABLE

POTENTIAaY APPUCACLE

POTENTIALLY APPLICABLE

POTENTIALLY APPLICABLE

NOT NECESSARY/MORE

NOTPEAMBLE: SURFACE
CONTAUMATION

BJPERMEABLE LAYER BELOW
CONTAMNATON

PRESSURE INJECT OROUT TO FORM
ELAYER

OONTAMMATON

NOT FEASIBLE: SURFACE
OONTAMNATION

NOT FEASIBLE: SURFACE
CONTAMMATON

DEGRADATION BY MKROBESI
AEROBIC ENVIRONMENT

DEGRADATION BY MKROBESII

FORMATION OF NON-LEACHABLE
MATRIX

THERMAL DESTRUCTION OF ORGANIC

CHEMKAL DECOMPOSITION IN
ABSENCE OF OXVQEN

SEPARATION OF CONTAMINANTS WITH
SOLVENTS

SEPARATION OF CONTAMINANTS WITH
WATEMURFACTANTS

VOLATnjZATnN Of CONTAMINANTS
BY HEATING

USE ALKALI METAL TO BREAK CARSON-

USE OF CATALYST TO BREAK CARBON-
CHLORMEBONO

FLUSH SOIL CONTAMMANT8 WITH
WATER/SURFACTANTS

WSITU FORMATION OF NON-
LEACHABLE MATRIX
IMMOBUZATION IN OLASS4JKE.
CRYSTALLME MATRIX

MOTU DEGRADATION BY MKMOBES

BOH. VAPOR EXTRACTION

USE OF PLANTS TO EXTRACT METALS

OFF SITE TREATMENT AT RCRA
FACUTY

CREATE OM8TTE LANDFILL

DOPOSAL AT OFFSITE LANOFU.

NOT EFFECTIVE FOR PCSS AND
LEAD

POTENTULLY APPLICABLE FOR
LEAD

NOT MPLEMENTABLE TOO
EXPENSIVE

NOT MPLEMENTABLE TOO
EXPENSIVE

POTENTIALLY APPUCASLE

NOTVERV EFFECTIVEMKIHER
COSTS

POTENTIALLY APPLICABLE

POTENTIAL OK>XM*URAN
FORMATION

POTENTIALLY APPLICABLE

NOT FEASIBLE FOR PCSS

POTENTIALLY APPLICABLE

COSTS HtOHEA THAN OTHER
TECHNOLOGIES

NOT EFFECTIVE FOR PCSS

NOT EFFECTIVE FOR PCSS

EFFECTIVENESS/COSTS
NOT DEMONSTRATED

POTBfriALLV APPLICABLE

NOT MPLEMENTABLE

POTENTIALLY APPLICABLE

TECHNOLOGY IS SCREENED
FROM FURTHER CONSIDERA

FIGURE 2-4
INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS
FOR SOIL REMEDIATION

400351
COM FEDERAL PROGRAMS CORPORATION



GENERAL REMEDIAL
RESPONSE ACTON

TECHNOLOGY PROCESS OPTIONS

.
. LillHIIIIJMM IQIIHOLi

. i-i
—— I _

•OK. HCAVA1MH

TMKfHM DCAVATION

TMATtMNT

TECHNOLOGY IS SCREENED
FROM FURTHER CONSIDERATION 40035?

FIGURE 2-5
TECHNOLOGIES AND PROCESS OPTIONS FOR SOIL
REMEDIATION RETAINED FOR ALTERNATIVES
DEVELOPMENT

COM FEDERAL PROGRAMS OORIORAnON
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TABLE 1-1

GROUP DESIGNATION/ANALYSES OF SAMPLES FROM VARIOUS BORINGS

Group Designation/ Analyses

A - TAL/TCL

B - PCB (field screen)

C - PCB (field screen)

D - TAL/TCL

E-TCLP

Boring No.

SB-01 through SB-28

SB-01,03,05,09, 11, 14, 16,20,
22, and SB-29 through SB-62

SB-63 through SB-87
SB-35W, 35E, 37W, 37N, 04N,
HE, 44N, 43N, 43W,41N, 45S,
17S, 51S, 52S, and 15N

SB-30, 31, 38, 39, 43, 46, 51, 59,
63, 69, 71, 72, 73, 74, 75, 76,
81, 82, 83, 84, 85, 86, 87; SB-
35W, 35E, 37W, 37N, 04N, HE,
44N, 43N, 43W, 41N, 45S, 17S,
51S, 52S, and 15N.

SB-11,29,45,50,67,68,78,83

No. of Distinct
samples*

56

86

80

47

8

Does not include duplicate

400354



TABLE 1-2
TYPES OF SOILS ANALYSES AT SURFACE BORING LOCATIONS

(Page 1 of 3)

Location

SB-01
SB-02***
SB-03
SB-04
SB-04N
SB-05***
SB-06
SB-07
SB-08
SB-09
SB-10
SB-11
SB-11E
SB-12
SB-13
SB-14
SB-15
SB-15N
SB-16***
SB-17
SB-17S
SB-18
SB-19
SB-20
SB-21***
SB-22
SB-23
SB-24
SB-25
SB-26
SB-27
SB-28
SB-29
SB-30

Sample
Depth

O.O1 - 2.0'
O.O1 - 2.0'
0.0' - 2.0'
O.O1 - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0--2.01

0.0' -2.0'
0.0' - 2.0'
0.0' - 2.0'
O.O1 -2.0'
0.0' - 2.0'
O.O1 - 2.0'
0.0' - 2.01

0.0' - 2.0'
0.0' -2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' -2.0'
0.0' - 2.0'
O.O1 -2.0'
0.0' -2.0'
0.0' - 2.0'
0.0' - 2.0'
O.O1 - 2.01

0.0' - 2.0'
O.O1 - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' -2.0'
0.0' -2.0'

Water
Encountered*

No
No
No
No

@2.0'
No
No
No

@7.0'
No
No

@1.0'
@1.0'

No
No
No
No

@ Surface
@4.0'-4.51

@ Surface
@1.0'
@2.0'

No
@ Surface

No
No
No
No
No

@1.5'
@5.0'

No
No
No

Depth to
Bedrock

5.5'
4.01

4.5'
7.0'
5.5'
5.0'
4.01

5.0'
7.0'
4.0'
5.0'
6.01

3.01

4.0'
3.5'
5.5'
5.0'
3.0'
5.0'
4.0'
3.0'
5.0'
6.0'
5.0'
4.0'
5.0'
5.0'
3.0'
5.5'
6.0'
8.0'
7.5'
4.0'
4.5'

PCB Field
Screening

^

/

s
V

s

s
s

s

s
s

s

s

s

s
s

TCL
Organics**

•
^
s
•/

s
</
s
</
s
</
s

s
s
s
s

s
•/

s
</
s
•/
•s
s
s
s
s
s
s

s

TAL
Inorganics

•/
s
s
•/

s
s
s
s
s
s
s

s
s
s
s

s
s

s
s
v
s
s
s
s
s
V
s
s

s

TCLP

' This column describes the water conditions in the soils above the bedrock surface.
The water conditions given here are those which were encountered during the
sampling activities conducted in November, 1993, and may change with time.

~ Consist of TCL VOCs, TCL SVOCs, and TCL Pesticides/PCBs
'** Duplicate samples collected and analyzed for TCL Organics and TAL Inorganics

400355



TABLE 1-2
TYPES OF SOILS ANALYSES AT SURFACE BORING LOCATIONS

(Page 2 of 3)

Location

SB-31
SB-32
SB-33
SB-34
SB-35
SB-35E
SB-35W
SB-36
SB-37
SB-37N
SB-37W
SB-38
SB-39
SB-40
SB-41
SB-41 N
SB-42
SB-43
SB-43N
SB-43W
SB-44
SB-44N
SB-45
SB-45S
SB-46
SB-47
SB-48
SB-49
SB-50
SB-51
SB-51 S
SB-52
SB-52S
SB-53

Sample
Depth

0.0'-2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
O.O1 - 2.0'
O.O1 - 2.01

0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
O.O1 - 2.0'
0.0' - 2.0'
O.O1 - 2.01

O.O1 - 2.0'
O.O1 - 2.01

O.O1 - 2.0'
0.0' - 2.0'
O.O1 - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
O.O1 - 2.01

O.O1 - 2.01

0.0' - 2.0'
O.O1 - 2.0'
O.O1 - 2.01

0.0' - 2.0'
O.O1 - 2.0'
0.0' -2.0'
O.O1 - 2.01

O.O1 - 2.0'
0.0' - 2.0'

Water Depth to
Encountered* Bedrock

@ 4.5' 9.0'
No 4.51

No ! 4.0f

No 6.01

No 6.01

No 5.0'
No 3.01

No 5.0'
@ 2.0' 4.01

@1.0' 3.0'
No 4.0'

@2.0' 8.0'
@4.0' 5.01

No
@ Surface

@1.0'

6.01

6.0'
3.0'

No 4.0'
No 5.0'

@1.0' 3.0'
@1.0' 3.0'

No I 3.51

@0.5'
No

@0.5'
@2.5'
@4.0'

3.01

4.01

3.01

4.01

5.5'
No 5.0'
No 4.0'
No ' 3.0'

@ Surface 3.01

@ Surface 5.0'
No 5.01

@ Surface 3.5'
No 5.0'

PCB Field TCL TAL TCLP
Screening Organics** Inorganics

V •/ •/
s
S
S

I
v'
* '
v
s \
v
s
s
V
V

S s
S S

' \
V
S
S
S S
S ''

S

V
S
•/
•/
S
S
S
S

S

\

.

S S \

S
S V

s \
S
S

S

S

* This column describes the water conditions in the soils above the bedrock surface.
The water conditions given here are those which were encountered during the
sampling activities conducted in November, 1993, and may change with time.

** Consist of TCL VOCs, TCL SVOCs, and TCL Pesticides/PCBs

400356



TABLE 1-2
TYPES OF SOILS ANALYSES AT SURFACE BORING LOCATIONS

(Rage 3 of 3)

Location

SB-54
SB-55
SB-56
SB-57
SB-58
SB-59
SB-60
SB-61
SB-62
SB-63
SB-64
SB-65
SB-66
SB-67
SB-68
SB-69
SB-70
SB-71
SB-72
SB-73
SB-74
SB-75
SB-76
SB-77
SB-78
SB-79
SB-80
SB-81
SB-82
SB-83
SB-84
SB-85
SB-86
SB-87

Sample
Depth

O.O1 -2.0'
O.O1 - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
O.O1 - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' -2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' -2.0'
O.O1 - 2.01

O.O1 - 3.0'
O.O1 - 2.01

O.O1 - 2.01

O.O1 - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'

Water
Encountered*

@ Surface
©Surface
© Surface
©Surface
@ Surface
© Surface

©1.0'
©Surface

No
No
No
No
No
No

©2.0'
No

Moist 0.0' - 3.0'
Moist 0.0' - 3.0'

No
No

©2.01

©2.0'
©4.0' -4.5'
© Surface

No
@ Surface
@ Surface
© Surface
@ Surface

No
@2.0'

@ Surface
© Surface
© Surface

Depth to
Bedrock

6.0'
6.0'
6.0'
6.0'
6.0'
6.0'
5.5'
6.0'
6.0'
4.0'
6.0'
6.0'
5.0'
4.0'
10.0'
5.5'
5.01

5.0'
6.01

5.0'
4.01

5.0'
5.5'
4.5'
4.0'
4.0'
4.0'
5.5'
5.0'
8.0'
8.0'
6.0'
6.0'
6.0'

PCS Field
Screening

v
s
s
s
s
s
V
s
</
V
s
s
s
s
s
s
s
•/
s
V
•/
s
s
•/
•/
s
s
V
V
V
J

s
s
'

TCL
Organics**

•/

s

s

v
•/
v

>•

^
V
V
J

: TAL
Inorganics

v'

</

s

s
s
/

s

s
s
s
•/

TCLP

* This column describes the water conditions in the soils above the bedrock surface.
The water conditions given here are those which were encountered during the
sampling activities conducted in November, 1993, and may change with time.

" Consist of TCL VOCs, TCL SVOCs, and TCL Pesticides/PCBs
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TABLE 1-3
TYPES OF SOILS ANALYSES AT SUBSURFACE BORING LOCATIONS

(Page 1 of 3)

Location

SB-01
SB-02
SB-03
SB-04
SB-04N
SB-05
SB-06
SB-07
SB-08
SB-09
SB-10
SB-11
SB-11E
SB-12
SB-13
SB-14
SB-15
SB-15N
SB-16
SB-17
SB-17S
SB-18
SB-19
SB-20
SB-21
SB-22
SB-23
SB-24
SB-25
SB-26
SB-27
SB-28
SB-29
SB-30

Sample
Depth

4.0' - 6.0'
3.01 - 5.0'
4.0' - 6.0'
4.0' -6.0'
4.0' - 6.0'
4.0' - 5.0'
2.0' - 3.5'
4.0' - 5.0'
6.0' - 8.0'
2.0' -4.0'
4.0' -6.0'
4.0' - 6.0'
2.0' - 3.0'
2.0' - 4.0'
2.0' - 4.0'
4.0' - 6.0'
4.0' -5.0'
2.0' - 3.0'
4.0' - 5.0'
2.0' - 4.0'
2.01 - 3.5'
4.0' - 6.0'
4.0' - 6.0'
3.0' - 5.0'
2.0' -4.0'
4.0' - 5.0'
4.0' - 5.0'
2.0' - 3.0'
4.0' - 5.5'
4.0' - 6.0'
6.0' - 8.0'
6.0' - 7.5'
2.0' -4.0'
4.0' - 5.0'

Water
Encountered*

No
No
No
No

@2.0'
No
No
No

@7.0'
No
No

@1.0'
@1.0'

No
No
No
No

@ Surface
@ 4.0' -4.5'
©Surface

@1.0'
@2.0'

No
@ Surface

No
No
No
No
No

@1.5'
@5.0'

No
No
No

Depth to
Bedrock

5.51

4.0'
4.5'
7.0'
5.5'
5.01

4.0'
5.0'
7.0'
4.0'
5.0'
6.0'
3.0'
4.0'
3.5'
5.5'
5.0'
3.0'
5.0'
4.0'
3.0'
5.0'
6.0'
5.0'
4.0'
5.0'
5.0'
3.0'
5.5'
6.0'
8.0'
7.5'
4.0'
4.5'

PCB Field
Screening

s

s

•
•/

s

•/
V

s

s
s

s

</

s

s
'

TCL
Organics"

^
^
^
^
^
s
s
•/
s

s
V
s
J

s
s
s
•/
s
s
s
s
s
s
s
s
V
V
s
s
V

TAL
Inorganics

•
•
^
•
•
•
v

s
s

V

•/
s
</
s
s
s
s
s
s
•/
s
s
s
s
s
s
V
**

TCLP

v

•/

* This column describes the water conditions in the soils above the bedrock surface.
The water conditions given here are those which were encountered during the
sampling activities conducted in November, 1993, and may change with time.

** Consist of TCL VOCs, TCL SVOCs, and TCL Pesticides/PCBs
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TABLE 1-3
TYPES OF SOILS ANALYSES AT SUBSURFACE BORING LOCATIONS

(Page 2 of 3)

Location

SB-31
SB-32
SB-33
SB-34
SB-35
SB-35E
SB-35W
SB-36
SB-37
SB-37N
SB-37W
SB-38
SB-39
SB-40
SB-41
SB-41 N
SB-42
SB-43
SB-43N
SB-43W
SB-44
SB-44N
SB-45
SB-45S
SB-46
SB-47
SB-48
SB-49
SB-50
SB-51
SB-51 S
SB-52
SB-52S***
SB-53

Sample
Depth

8.0' - 9.0'
4.0' - 5.0'
2.0' - 4.0'
4.0' -6.0'
4.0' - 6.0'
4.0' - 5.0'
2.0' - 3.0'
4.0' - 6.0'
2.0' -4.0'
2.0' - 3.0'
2.0' - 4.0'
6.0' - 7.0'
4.0' - 5.0'
4.0' - 6.0'
4.0' - 6.01

2.0' - 3.0'
4.0' -5.0'
4.0' - 5.0'
2.0' - 3.0'
2.0' - 3.0'
2.0' -4.0'
2.0' - 3.0'
2.0' - 4.0'
2.0' - 3.5'
2.0' - 4.01

4.0' - 5.0'
4.0' - 5.0'
2.0' - 4.0'
2.0' - 3.0'
2.0' - 3.0'
4.0' - 5.0'
4.0' - 5.0'
2.0' - 3.5'
4.0' - 5.0'

Water
Encountered*

@4.5'
No
No
No
No
No
No
No

@2.0'
@1.0'

No
@2.0'
@4.0'

No
@ Surface

@1.0'
No
No

@1.0'
@1.0'

No
@0.5'

No
@0.5'
@2.5'
@4.0'

No
No
No

@ Surface
@ Surface

No
@ Surface

No

Depth to
Bedrock

. 9.0'
4.5'
4.0'
6.0'
6.0'
5.0'
3.0'
5.0'
4.0'
3.0'
4.0'
8.0'
5.0'
6.0'
6.0'
3.0'
4.0'
5.0'
3.0'
3.0'
3.5'
3.0'
4.0'
3.0'
4.0'
5.51

5.0'
4.0'
3.0'
3.0'
5.0'
5.0'
3.5'
5.0'

PCB Field i TCL TAL TCLP
Screening Organics** Inorganics

s
' \ \
s
s :
•"
s \ s s
S S S

s
s
s
s
s
s
s
s
s

*r j *r :

s ! s
s s I

i
i

S :

s
s s s
s s s \
s
s
s
s
s
s
s
s
s
s
s
s
s
'

S S i
s

s s

1
s

i

s s

s s

• This column describes the water conditions in the soils above the bedrock surface.
The water conditions given here are those which were encountered during the
sampling activities conducted in November, 1993, and may change with time.

" Consist of TCL VOCs, TCL SVOCs, and TCL Pesticides/PCBs
*** Duplicate samples collected and analyzed for TCL Organics and TAL Inorganics
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TABLE 1-3
TYPES OF SOILS ANALYSES AT SUBSURFACE BORING LOCATIONS

(Page 3 of 3)

Location

SB-54
SB-55
SB-56
SB-57
SB-58
SB-59
SB-60
SB-61
SB-62
SB-63
SB-64
SB-65
SB-66
SB-67
SB-68
SB-69
SB-70
SB-71
SB-72
SB-73
SB-74
SB-75
SB-76
SB-77
SB-78
SB-79
SB-80
SB-81
SB-82
SB-83*"
SB-84
SB-85
SB-86
SB-87

Sample
Depth

4.0' - 5.0'
4.0' - 6.0'
4.0' - 6.0'
4.0' - 6.0'
4.0' -6.0'
4.0' - 6.0'
4.0' - 5.0'
4.0' - 6.0'
4.0' - 6.0'
2.0' -4.0'
4.0' -6.0'
4.0' - 6.0'
4.0' - 5.0'
2.0' - 3.5'

8.0' -10.0'
4.0' - 6.0'
4.0' -5.0'
4.0' - 5.0'
4.0' - 5.5'
4.0' - 5.0'
2.0' - 4.0'
4.0' - 5.0'
4.0' - 6.0'
4.0' - 5.0'
2.0' -4.0'
2.0' - 4.0'
4.0' - 6.0'
4.0' - 5.0'
4.0' - 5.0'
5.0' - 8.0'
7.0' - 8.0'
4.0'-6.0'
4.0' -6.0'
4.0' - 6.0'

Water Depth to
Encountered* Bedrock

@ Surface 6.0'
@ Surface 6.0'
@ Surface ! 6.0'
@ Surface 6.0'
@ Surface 6.0'
@ Surface 6.0'

@1.0' ; 5.5'

@ Surface 6.0'
No 6.0'
No 4.0'
No ; 6.0'
No
No
No

@2.0'
No

6.0'
5.0'
4.0'

10.0'
5.5'

Moist 0.0' - 3.0' 5.0'
Moist 0.0' - 3.0'

No
No

@2.0'
@2.0'

@ 4.0' -4.5'
@ Surface

5.0'
6.0'
5.0'
4.0'
5.0'
5.5'
4.5'

No 4.0'
@ Surface
@ Surface
@ Surface
@ Surface

No

4.0'
4.0'
5.5'
5.0'
8.0'

@ 2.0' 8.0'
@ Surface 6.0'
@ Surface 6.0'
@ Surface 6.0'

PCS Field TCL ; TAL TCLP
Screening Organics" Inorganics

^
S
s

' \
s
s
s
V
V
s s
s
V
s
s
s
s

s

s

s
V
/

s
s
s
s
s

s

V
\

s
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' ' \
s s
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s
s
s
s
s
V
s
s

s
J

s
s
s

s s
s s

V
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V
s \ s
•/
x

^
^

* This column describes the water conditions in the soils above the bedrock surface.
The water conditions given here are those which were encountered during the
sampling activities conducted in November, 1993, and may change with time.

** Consist of TCL VOCs, TCL SVOCs, and TCL Pesticides/PCBs
*** Duplicate samples collected and analyzed for TCL Organics and TAL Inorganics
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TABLE 1-4

CONSTRUCTION DETAILS FOR WELLS INSTALLED BY COM
FEDERAL

Well

OW-12

OW-13

OW-14

C-2

C-6

C-7

C-8

C-9

C-10

DMW-9

DMW-10

DMW-11

Ground Surface Elevation
(ft MSL)

82.5

81.0

90.2

• 85.2

73.5

78.2

79.4

83.6

78.3

73.8

78.0

84.0

Elevation of Surface Interval
(ft MSL)

70.5 to 75.5

70.0 to 75.0

79.2 to 84.2

-180.8 to -200.8

-7.0 to -27.0

-69.8 to -89.8

-38.1 to -58.1

-9.4 to -29.4

-25.7 to -45.7

-76.7 to -96.7

-152.0 to -172.0

-145.0 to- 165.0

Total Depth
(ft BGS)

12

11

11

300

101

169

157

135

140

171

250

250

MSL = Mean Sea Level

BGS = Below Ground Surface
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ONE MILE RADIUS WELL SEARCH
NJDEPE BUREAU OF WATER ALLOCATION

CHEMSOL, INC. SITE
Piscataway, New Jersey

OFF-SITE

WELL

DESIGN

II

12

13

14

Ml

M2

M3

M4

M5

M6

M7

M8

WELL

WATER

DATE

OF

USE INSTALLATION

Industrial

parkway plastics

Industrial

parkway plastics

Industrial

Ice Palace
Irrigation

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring
Mary Kay

Monitoring
Mary Kay

Monitoring

Mary Kay

Monitoring

Mary Ka^

Feb. I960

Feb. I960

na

Sept. 1963

June 1988

Sept. 1986

Sept. 1986

Sept. 1986

Jan. 1988

Jan. 1988

Jan. 1988

Jan. 1988

APPROX

GROUND

ELEVATION

(ft NGVD)

82

82

100

100

80

72

71

71

100

100

too

100

TOTAL

WELL

DEPTH

(ft. below ground)

340

300

310

200

14

18

22

16

61

75

76

60

OPEN

INTERVAL

ELEVATION

(ft NGVD)

60 to -258

24to-218

59to-2IO

6810-100

76 to 66

64 to 54

59 to 49

61 to 51

82 to 39

80 to 25

80 to 26

81 to 40

OPEN

INTERVAL

LENGTH

(ft)

318

242

269

168

10

10

10

10

43

55

54

41

CONSTRUCTION YIELD

DETAILS

(gpm)

22' steel casing 1 50

8" open hole

58' steel casing na

8" open hole

4 1' steel casing 75

6" open hole

32' steel casing 30
6" open hole

4' pvc riser na

1 0' .020 pvc screen
8' pvc riser na
1 0' .020 pvc screen
1 2' pvc riser na

10' .020 pvc screen

6' pvc riser na
10' .020 pvc screen
1 8' steel casing na

6" open hole

20' steel casing na
6" open hole
20' steel casing na

6" open hole
19' steel casing na
6" open hole

SPECIFIC

CAPACITY

(gpm/ft)

1.3

na

0.4

1.2

na

0.05

0.1

0.03

na

na

na

na

ESTIMATED

PUMPING RATES

AVE/MAX

(gpd)

1 ,440/2,880

on-demand

back-up

5,000/15,000

na

np

np

np

np

np

np

np

np

LITIIOLOGY COMMENIS

red shale not used

red shale not used

red shale

red shale

red shale MW-1

red shale

red shale

red shale

0-10 red clay MW-2 1)

10-61 red shale

0-10 red clay MW-3 I)

10-75 red shale

0-in red clay MW-4 1)

10-76 red shale

weathered shale MW-S 1)

10-75 red shale*£»
O
d^
OO
CO

Note:
na - information not available np - not a pumping well
NGVD - refers to National Geodetic Vertical Datum, otherwise known as "sea level".
Additional wells may be found to exist at nearby facilities or residences, but have not been
Some wells found during the file search were not listed because no address was found with
All information presented in this table is from drillers logs or construction notes

registered with the NJDEPE Bureau of Water Allocation
the associated well record



TABLE I/ ontinued)
ONE MILE RADIUS WELL SEARCH

NJDEPE BUREAU OF WATER ALLOCATION
CHEMSOL, INC. SITE

Piscataway, New Jersey

OFF-SITE WELL

WELL WATER

DESIGN USE

Dl

D2

D.3

D4

D5

D6

D7

D8

09

DID

DM

DI2

DI3

DI4

DI5

DI6

DI7

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

Residential

DATE APPROXIMATE

OF GROUND

INSTALLATION ELEVATION

(ft NGVD)

Aug, 1958

Nov 1958

Aug 1959

na

Aug 1964

na

Sept 1959

Dec. 1959

Oct 1959

Aug. 1985

na

Nov 1957

Aug. 1979

na

Aug 1979

na

Jan I960

70

100

100

87

80

100

88

75

80

98

94

98

95

99

98

96

70

TOTAL OPEN

WEI L INTERVAL

DEPTH ELEVATION

(ft. below ground) (ft NGVD)

107

113

107

130

135

115

113

100

145

210

200

138

190

143

190

1.10

122

4 5 l o - 3 7

7510-13

70 to -7

60 to -4.3

5 5 t o - 5 5

52 to- 15

65 to -25

53 to -25

58 «o -65

4 8 t o - l l 2

69to-l06

58 to -40

45 to -95

75 to -44

48 to -92

68 to -34

40 to -52

OPEN CONSTRUCTION

INTERVAL DETAILS

LENGTH

(ft)

82

88

77

103

110

67

90

78

123

160

175

98

140

119

140

102

92

25' steel casing

6" dia open hole

25' steel casing

6" dia open hole

30' steel casing

6" dia open hole

27' steel casing

6" open hole
25' steel casing
6" open hole
48' steel casing

6" open hole
23' steel casing

6" open hole

22' steel casing

6" open hole
22* steel casing

6" open hole
50' steel casing
6" open hole
25' steel casing
4" open hole
40' steel casing
6" open hole
50' steel casing

6" open hole
24' steel casing
6" open hole
50' steel casing
6" open hole
28' steel casing

6" open hole

30' steel casing

6" open hole

YIELD SPECIFIC

CAPACITY

(gpm) (gpm/fl)

10 2

30 3

10 08

12 03

reported 0.4
flowing

15 1

15 0.7

20 13

12 0.4

5-6 0 05

15 03

10 08

40 04

15 05

12 02

10 03

12 0.4

ESTIMATED LITHOI.OCiY

PUMPING RATES

A V E / M A X

200/500

300/ 1.000

200/500

300 / 1 .000

250 / 500

300 / 1.000

300 / 1 .000

300/600

300 / 1 ,000

300 / 500

300 / 1.000

300 / 1 .000

KM) / 500

NX) / 1 ,(X)0

400 / 800

100 / 50(1

200 / 500

sandO- 13
red shale 1 3 - 1 0 7

red shale

red shale

red shale

red shale

red shale

red shale

red shale

red shale

red sand 0 - 6
red shale 6 -210

red shale

red shale

red shale

red shale

red shale

red sh.ilc

red shnle

na - information not available
NGVD - refers to National Geodetic Vertical Datum, otherwise known as "sea level"
Additional wells may be found to exist at nearby facilities or residences, but have not been registered with the NJDEPE Bureau of Water Allocation
Some wells found during the file search were not listed because no address was found with the associated well record
All information presented in this table is from drillers logs or construction notes.
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TABLE 1-7

SUMMARY OF TEMPERATURE AND PRECIPITATION
RECORDED AT NEW BRUNSWICK, NEW JERSEY

(NATIONAL WEATHER SERVICE LOCATION MCISA)

Average Monthly Temperature (°C)

Average Maximum Temperature (°C)

Average Minimum Temperature (°C)

Maximum Daily Temperature (oQ
and Day Recorded

Minimum Daily Temperature (oQ
and Day Recorded

Total Precipitation (inches of rain,
melted snow, etc.)

Maximum Daily Precipitation (inches
of rain, melted snow, etc.) and Day

Total Frozen Precipitation (inches of
snow, ice pellets, hail)

Maximum Daily Frozen Precipitation
and Day Recorded

NOVEMBER 1993

433

54.7

31.9

79
(11/16)

16
(1 1/26 & 27)

281

1.72
(11/29)

not obtained

not obtained

DECEMBER 1993

34.2

43.0

25.4

57
(12/4)

10
(12/27, 28, & 31)

3.92

1.66
(12/5)

4.2

3.3
(12/30)

JANUARY 1994

22.9

31

14.7

57
(1/29)

-5
(1/19 & 20)

6.46

1.62
(1/18)

12.4

3.5
(1/26)

FEBRUARY 1994

27.2

37.6

16.7

60
(2/19&21)

4
(2/1 5 & 16)

3.49

1.03
(2/9/)

236

7.0
(2/12)

MARCH 1994

37.8

46.8

28.8

75
(3/25)

13
(3/1)

7.18

1.82
(3/3)

1 1 1

7.8
(3/3)



TABLE 1-5 (Page 1 of 3)
Packer Testing Summary

Test I.D.

Round 1 Test 1*

Round 1 Teit 2

Round 1 Test 3

Round 1 Test 4

Round 1 Long Term Test

Round 1 Test 6

Well Interval
Pumped (ft MSL)

NA

DMW-11 from (-83.0) to (-
108.0); between dual pickers tnd
below the gray ihtle

DMW-1 1 from (-41 .0) to (-66.0);
between dud pickers tnd below
the gray shale

DMW-1 1 from (7.0) to (-18.0);
between dutl picken tnd above
to 10 feet into the gray shale

DMW-11 from (-56.0) to (-
166.0); below single picker and
gray shale

C-2 from (-181.8) to (-201.8);
below single packer and gray
shale

Observation Wells

NA

DMW-11 (OWL to -78.0),
(pumped zone), and (-113.0 to -
166.0); C-2; DMW-5; DMW-6;
MW-101; MW-103; TW-2; TW-
3; and TW-4

DMW-11 (OWL to -36.0),
(pumped zone), and (-71 .0 to -
166.0); C-2; C-9; TW-2; DMW-
1; DMW-2; DMW-5; DMW-6;
MW-103; MW-101; TW-3; and
TW-4

DMW-11 (OWL to 12.0),
(pumped zone), and (-23.0 to -
166.0); C-2; C-9; TW-2; DMW-
1; DMW-2; DMW-5; DMW-6;
MW-103; TW-3; TW-4; and
MW-101

DMW-1 1 (OWL to -51 .0) and
(pumped zone); C-2 (OWL to -
4.8) and (-9.8 to -202.8); C-9;
TW-2; DMW-1; DMW-2; MW-
103; DMW-5; DMW-6; MW-
101; TW-3; and TW-4

C-2 (OWL to -176.8) and
(pumped zone); DMW-11; TW-2;
C-9; DMW-1; DMW-2; DMW-5;
DMW-6; MW-101; M-103; TW-
3: and TW-4

Pumping Time

NA

11/24/93
Pump on: 1006
Pump off: 1507

11/29/93
Pump on: 1036
Pump off: 1510

11/30/93
Pump on: 1000
Pump off: 1500

12/1/93 to 12/2/93
Pump on: 1319
Pump off: 1224

12/6/93
Pump on: 1009
Pump off: 1222

Pumping Rate

NA

Stepped increases to 15 gpm for
first 2 1/2 hours and maintained
that rate until pump off

Stepped increases to 15 gpm for
first hour tnd mainuined that
rate until pump off

Stepped increases to 35 gpm for
first hour and maintained that
rate until pump off

Stepped increases to 40 gpm for
first hour and maintained that
rate until pump off

Stepped increises to 15 gpm for
first 1/2 hour ind mainuined that
rate until pump off

oo
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TABLE 1-5 (Page 2 of 3)
Packer Testing Summary

Test I.D.

Round 2 Teit 1

Round 2 Test 2

Round 2 Ten 3

Round 2 Test 4

Round 2 Test 5"

Well Interval
Pumped (ft MSL)

DMW-9 from (-78.3) to (-93.3);
below single picker and gray
shale

DMW-9 from (-46.2) to (-66.2);
between dual packers and below
gray shale

DMW-9 from (-26.2) to (-46.2);
between dual packers and across
gray shale

C-6 from (-4.5) to (-28.5); below
single packer and immediately
above gray shale

NA

Observation Wells

DMW-9 (OWL to -73.3) and
(pumped rone); TW-1 1 ; C-6; C-
10; TW-4; TW-5A; DMW-5;
DMW-6; DMW-7; DMW-8;
MW-101; C-3; C-5; MW-3; TW-
6; DMW-3; DMW-4; MW-102;
DMW-I; DMW-2; DMW-11; C-
l;C-9;andMW-103

DMW-9 (OWL to ^»1. 2),
(pumped zone) and (-71 .2 to-
97.2); TW-11; C-6; C-10; TW-4;
TW-5A; DMW-5; DMW-6;
DMW-7; DMW-8; C-3; C-5;
MW-3; TW-6; DMW-3;DMW-4;
MW-102; DMW-1; DMW-2; C-
l;C-9;andMW-103

DMW-9 (OWL to -21.2), pumped
zone, and (-51 .2 to -97.2); TW-
11; C-6; MW-103; DMW-1;
DMW-2; DMW-11; C-1; C-9; C-
3; C-5; MW-3; T9f-6; DMW-3;
DMW-4; MW-102; C-10; TW-4;
TW-5A; DMW-5; DMW-6;
DMW-7; and DMW-8

C-6 (OWL to 0.5) and (pumped
zone); DMW-9 (OWL to -21 .2),
(-26.2 to -46.2) and (-51 .2 to -
97.2); C-10; TW-4; TW-5A;
DMW-5; DMW-6; DMW-7;
DMW-8; MW-101; C-3; C-5;
MW-3; TW-6; MW-102; TW-7;
DMW-1; DMW-2; C-1; C-9;
DMW-11; and MW-103

NA

Pumping Time

1/14/94
Pump on: 1012
Pump off: 1442

1/17/94
Pump on: 1203
Pump off: 1626

1/18/94
Pump on: 1022
Pump off: 1422

1/24/94
Pump on: 1038
Pump off: 1456

NA

Pumping Rate

29 gpm for first 2 hours and 42
gpm until pump off

Stepped increases to 29 gpm for
first 30 minutes and maintained
that rate until pump off

Stepped increases to 6 gpm for
first 45 minutes and maintained
that rate until pump off

Stepped increases to 20 gpm for
first 1 3/4 hours and maintained
that rate until pump off

NA

o
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TABLE 1-5 (Page 3 of 3)
Packer Testing Summary

Test I.D.

Round 3 Test 1

Round 3 Test 2

Round 3 Test 3

Well Interval
Pumped (ft MSL)

DMW-10 from (-152.0) to (-
172.0); below single picker ind
gray shale

DMW-10 from (-130.0) to (-
144.0); between dual packers and
below gray shale

DMW-10 from (-76.0) to (-90.0);
between dual packers and
immediately above gray shale

Observation Wells

DMW-10 (OWL to -147.0) and
(pumped zone); C-7 (OWL to -
64.8) and (-69.8 to -89.8); DMW-
11; TW-10; C-8; C-9; C-10; TW-
3; TW-4; MW-103; DMW-5;
DMW-6; DMW-9; and C-6

DMW-10 (OWL to -125.0),
(pumped zone), and (-149.0 to -
172.0); C-7 (OWL to -64.8) and
(-69.8 to -89.8); DMW-1 1 ; TW-
10; C-8; C-9; C-10; TW-3; TW-
4; MW-103; DMW-5; DMW-6;
DMW-9; and C-6

DMW-10 (OWL to -71.0),
(pumped zone), and (-95.0 to -
172.0); C-7 (OWL to -64.8) and
(-69.8 to -89.8); DMW-11; TW-
10; C-8; C-9; C-10; TW-3; TW-
4; DMW-5; DMW-6; MW-103;
DMW-9; and C-6

Pumping Time

3/8/94
Pump on: 1043
Pump off: 1509

3/9/94
Pump on: 1 130
Pump off: 1523

3/10/94
Pump on: 1024
Pump off: 1430

Pumping Rate

Stepped increases to 16 gpm for
first 45 minutes and maintained
that rate until pump off

Stepped increases to 13 gpm for
first 45 minutes and maintained
that rate until pump off

Stepped increases to 56 gpm for
first hour and maintained that
rate until pump off

' - Data for test was not used due to equipment error. Test was performed a second time during round to obtain appropriate data for zone of interest.



TABLE 1-8

AQUIFER PARAMETERS: TRANSMISSIVITY (T) AND STORATIVITY (S)

Packer/Pump Test I.D.

Round 1 Long Term Test:

DMW-11 to DMW-1 (Drawdown)

DMW-11 to DMW-2 (Drawdown)

DMW-11 to DMW-5 (Drawdown)

DMW-11 to DMW-6 (Drawdown)

DMW-11 to MW-101 (Drawdown)

DMW-11 to MW-103 (Drawdown)

DMW-11 to TW-2 (Drawdown)

DMW-11 to C-9 (Drawdown)

Round 1 Long Term Test:

DMW-11: -56.0 to -166.0 (Recovery)

T
(ftVmin)

-

1.348

1.773

0.8206

1.035

1.235

0.813

4.27

3.836

-

0.4535

S

-

0.0002098

0.0007131

0.0000078

0.000704

0.001593

0.000222

0.01839

0.009814

-

NA
Notes: Aquifer parameters estimated with the Theis method for confined aquifers.

Data set (drawdown or recovery) used for estimation of parameters and pumped zone in feet MSL
indicated in Test I.D. column.

NA - Value can not be calculated with data set or method.
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TABLE 1-9

VERTICAL GRADIENTS

Well Nest
OW-1
TW-9
C-3
DMW-3
DMW-4

TW-8
DMW-1
DMW-2

TW-2
C-9

TW-3
C-8
MW-103

TW-4
C-10
DMW-5
DMW-6

TW-5A
DMW-7
DMW-8

TW-10
C-7
DMW-10

OW-11
TW-11
C-6
DMW-9

12/14/92

0.406*
0.0044
O.OOH
0.005*

0.006 *
0.0071

NI

NI
0.003*

NI
0.005 t
0.025 1

0.018*
0.005*

NI
NI

0.093*
NI
NI

12/22/92

0.417*
0.002*
0.003*
0.006*

0.008*
0.008*

NI

NI
0.004*

NI
0.007*
0.001*

0.021 *
0.006*

NI
NI

0.087*
NI
NI

1/11/94

NM

0.005 T
0.007*

NM

0.006*

NM

NI
0.005*

0.009*
0.002*
0.001*

0.020*
0.008*

NI
NI

NM
NI
NI

8/29/94

0.580*
0.004*
0.0002*
0.007*

0.004*
0.007*

0.008*

0.003*
0.005*

0.003*
0.007*
0.0009*

0.020*
0.006*

0.040*
0.008*

0.090*
0.140*
0.010*

Notes: Gradients were calculated between a well and the next available deeper well of the nest. The gradient value between two
wells is presented in the row of the deeper well. For example, on 12/14/92 the gradient between wells C-3 and DMW-3
was measured to be 0.001 i (downward). On 1/11/94 the gradient between wells TW-3 and MW-103 was 0.0051. Well
C-8 was not used on this date since it had not been installed as of 1/11/94.

NI - Well was not installed as of indicated date and no gradient could be calculated.
NM - No water level elevation is available for this date.
(-) - Gradient could not be calculated since a water level elevation was not available for shallower well.
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TABLE 1-10

VOCs DETECTED IN AIR SAMPLING - ROUND 1 (MARCH 1993)

Sample ID

AR-01

AR-02

AR-10 (AR-02-D)

AR-03

AR-04

AR-05

AR-06

AR-07

Detected VOCs and concentrations

Dichlorodifluoromethane (2 ppb), C2C13F3 (9.6 ppb). 2-
Butanone (6.3 ppb)

Dichlorodifluoromethane (2.2 ppb). Toluene (5.4 ppb)

Acetone (8.8 ppb)

C2C13F3 (10 ppb)

Dichlorodifluoromethane (2.2 ppb),

Acrolein (12 ppb),

Acetone (90 ppb), 2-Butanone (9.7 ppb)

C2C13F3 (4.1 ppb), Acetone (8.9 ppb), Toluene (14 ppb)

Sample Location

perimeter

perimeter

duplicate of AR-02

perimeter

perimeter

designated receptor

downwind

upwind

4003' 0



TABLE 1-11

VOCs DETECTED IN AIR SAMPLING - ROUND 2 (MAY 1994)

Sample ID Detected VOCs and concentrations Sample Locations

AR-A Dichlorodifluoromethane (1 ppb), 1,1,1-Trichloroethane
(0.4 ppb)

jpwind designated
•eceptor

AR-B Acetone (7 ppb), 2-Butanone, (0.8 ppb), Toluene (0.7
ppb), Trichloroethene (0.2 ppb)

jerimeter

AR-C Acetone (5ppb), Benzene (0.8 ppb), 1,2,4-
Trimethylbenzene (0.1 ppb)

>erimeter

AR-D Benzene (0.4 ppb), Hexane (3 ppb), Methylene chloride
(6.0 ppb), Toluene (1 ppb), 1,1,1-Trichloroethane (0.7
ppb), C2C13F3 (0.4 ppb)

trimeter

AR-E Acetone (7 ppb), 2-Butanone (1 ppb), Toluene (0.7
ppb), Xylenes, total (0.3 ppb)

>erimeter

AR-F
(AR-E-D)

Acetone (5 ppb), Benzene (0.7 ppb), 2-Butanone (0.9
ppb), Hexane (0.4 ppb), Tetrachloroethene (0.6 ppb),
Toluene (1 ppb), 1,1,1-Trichloroethane (0.4 ppb),
Trichloroethene (0.3 ppb), 1,2,4-Trimethylbenzene (0.2
ppb), Xylenes, total (0.6 ppb)

duplicate of
AR-E

AR-G Acetone (10 ppb), 2-Butanone (1 ppb),
Dichlorodifluoromethane (1 ppb), Toluene (0.6 ppb),
C2C13F3 (0.2 ppb), Trichlorofluoromethane (2.0)

downwind

AR-H Acetone (9 ppb), Dichlorodifluoromethane (0.8 ppb),
Methanol (0.1 ppb), Toluene (0.6 ppb), 1,2,4-
Trichlorobenzene (0.1 ppb)

downwind
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TABLE 1-12
New Jersey Water Quality Standards (VOCs) for FW2-NT Waters

Contaminant

Chloromethane

Bromomethane
Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone
Carbon Disulfide

1 , 1 -Dichloroethane

1 , 1 -Dichloroethane

Cis-1 ,2-Dichloroethene

Trans-1,2-
Dichloroethene

Chloroform

1 ,2-Dichloroethane
2-Butanone

1,1,1 -Trichloroethane

Carbon Tetrachloride
Bromiodichloromethane

1 ,2-Dichloropropane

Cis-1, 3-
Dichloropropene

Trichloroethylene

Dibromochloromethane

MAC 7:9B(1)

SWQC FW-2
waters (ug/1)

NA

NA

0.0830

NA

2.49

NA

NA

4.81

NA

NA

592

5.67

0.291

NA

127

0.363

0.266

NA

0.193

1.09

72.6

NJ SDWA mcls^
(ug/1)

NA

NA

2

NA

2

NA

NA

2

NA

10

10

*

2

NA

26

2
*

5

NA

1
*

ARAR (ug/l)*3'

—

—

0.0830
—

2
—

—

2
—

10

10

5.67

0.291
—

26

0.363

0.266

5

0.193

1

72.6

1 of 2
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TABLE 1-12
New Jersey Water Quality Standards (VOCs) for FW2-NT Waters

Contaminant

1 , 1 ,2-Trichloroethane

Benzene

trans-1,3-
Dichloropropene

Bromoform

4-Methyl-2-Pentanone

2-Hexanone

Tetrachloroethylene

1,1,2,2-
Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Total Xylenes

NJAC 7:9B(1)

SWQC FW-2
waters (ug/1)

13.5

0.15

0.193

4.30

NA

NA

0.388

1.72

7440

22

3,030

NA

NA

NJ SDWA rncls®
(ug/1)

5

1

NA

*

NA

NA

1

NA

1,000

4

700

100

44

ARAR (ug/l)<3)

5

0.15

0.193

4.3

NA

NA

0.388

1.72

1,000

4

700

100

44

* NJSDWA mcl is 100 ug/1 as sum of these 4 compounds.
0) The most conservative value for FW-2NT surface water quality criteria is presented.
a) The most recent New Jersey drinking water standards are presented.
w The most stringent value from the SWQC and SDWA concentrations is presented as the

level used for comparison with the RI data.

2 of 2
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TABLE 1-13
New Jersey Surface Water Quality Standards (SVOCs) for FW2-NT Waters

Contaminant

Phenol

Bis (2-chloroethyl) ether

2-Chlorophenol

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1 ,2-Dichlorobenzene

2-Methylphenol

Bis (2-chloroisopropyl)
ether

4-Methylphenol

NONitroso-Di-N-
Propylamine

Hexachloroe thane

Nitrobenzine

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

Bis (2-chloroethoxy)
methane

2,4-Dichlorophenol

1 ,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-methyl phenol

2-Methyl naphthalene

NJAC 7:9B<1)

SWQC FW-2 waters
(ug/1)

20,900

0.0311

122

2,620

343

2,520

NA

1,250

NA

NA

2.73

NA

552

NA

NA

NA

92.7

30.6

NA

NA

6.94

NA

NA

NJ SDWA mcls^ (ug/1)

NA

NA

NA

600

75

600

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

8

NA

NA

NA

NA

NA

ARAR (ug/l)0)

20,900

0.0311

122

600

75

600

—

1,250

—

—

2.73

—

552

—

—

—

92.7

8

—

—

6.94

—

—

1 of 3
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TABLE 1-13
New Jersey Surface Water Quality Standards (SVOCs) for FW2-NT Waters

Contaminant

HexachJoro cycho
pentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

2-Chloronaphthalene

2-Nitroaniline

Dimethylphthalate

Acenaphthylene

2,6-Dinitrotoluene

3-Nitroaniline

Acenaphthene

2,4-Dinitrophenol

4-Nitrophenol

Dibenzofuran

2,4-Dinitrotoluene

DiethylphthaJate

4-chlorophenyI-
phenylether

Fluorene

4-Nitroaniline

4,6-Dinitro-2-
methylphenol

N-Nitrosodiphenylamine

4-Bromophenyl-
phenylether

HexachJoro benzene

NJAC 7:9B(1)

SWQC FW-2 waters
(ug/1)

245

2.14

2,580

NA

NA

313,000

320

NA

NA

NA

69.7

NA

NA

0.11

21,200

NA

1,340

NA

NA

4.95

NA

0.000748

NJ SDWA mete0* (ug/1)

50

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

" NA

NA

1

ARAR (ug/l)w

50

2.14

2,580

—

—

313,000

320

—

—

—

69.7

—

—

0.11

21,200

—

1,340

—

—

4.95

—

0.000748

of 3
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TABLE 1-13
New Jersey Surface Water Quality Standards (SVOCs) for FW2-NT Waters

Contaminant

Pentachlorophenol

Phenanthrene

Anthracene

Carbazole

Di-n-Butylphthalate

Fluoranthene

Pyrene

Butylbenzylphthalate

3,3-Dichlorobenzidine

Benzo (a) anthracene

Chrysene

Bis (2-Ethylhexyl)
phthalate

Di-n-octylphthalate

Benzo (b) fluoranthene

Benzo (k) fluoranthene

Benzo (a) pyrene

Indeno (1,2,3-cd) pyrene

Dibenzo (a,h) anthracene

Benzo (g,h,i) perylene

NJAC 7:9B(1)

SWQC FW-2 waters
(ug/1)

0.282

NA

9570

NA

3,530

310

797

239

0.0386

NA

0.0028

1.76

NA

0.0028

0.0028

0.0028

0.0028

0.0028

NA

NJ SDWA mcls® (ug/1)

1

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

6

NA

NA

NA

0.2

NA

NA

NA

ARAR (ug/l)p)

0.282

—

9570

—

3,530

310

797

239

0.0386

—

0.0028

1.76

—

0.0028

0.0028

0.0028

0.0028

0.0028

—

*

(1)
(2)

(3)

NJSDWA mcl is 100 ug/1 as sum of these 4 compounds.
The most conservative value for FW-2NT surface water quality criteria is presented.
The most recent New Jersey drinking water standards are presented.
The most stringent value from the SWQC and SDWA concentrations is presented as the level used
for comparison with the RI data.

of 3
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TABLE 1-14
New Jersey Surface Water Quality Standards (Pesticides/PCBs) For FVV2-NT Waters

Contaminant

alpha-BHC

beta-BHC

delta-BHC

Total Lindane

Heptachlor

Aldvin

Heptachlor epoxide

Endosulfan I

Endosulfan n

Dieldrin

4,4-DDE

Total Endrin

4,4-DDD

Endosulfan Sulfate

4,4-DDT

Methoxychlor

endrin Ketone

Endrin Aldehyde

alpha-Chlordane

gamma-Chlordane

Toxaphene

Aroclor-1016

Aroclor-1221

NJAC 7:9B(1)

SWQC FW-2
waters (ug/1)

0.00391

0.137

NA

0.080

0.000208

0.000135

0.000103

0.056

0.056

0.000135

0.000588

0.0023

0.000832

0.93

0.000588

0.03

NA

0.76

0.000277

0.000277

0.000730

0.000244

0.000244

NJ SDWA mcls®
(ug/1)

NA

NA

NA

0.2

0.4

NA

0.2

NA

NA

NA

NA

2

NA

NA

NA

40

NA

NA

0.5

0.5

3

0.5

0.5

ARAR (ug/1)0'

0.00391

0.137

—

0.080

0.000208

0.000135

0.000103

0.056

0.056

0.000135

0.000588

0.0023

0.000832

0.93

0.000588

0.03
—

0.76

0.000277

0.000277

0.000730

0.000244

0.000244

1 Of 2
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TABLE 1-14
New Jersey Surface Water Quality Standards (Pesticides/PCBs) For FW2-NT Waters

Contaminant

Aroclor-1232

Aroclor-1242

Aroclor-1248

Aroclor-1254

Aroclor-1260

NJAC 7:9B(1)

SWQC FW-2
waters (ug/1)

0.000244

0.000244

0.000244

0.000244

0.000244

NJ SDWA mcls®
(ug/D

0.5

0.5

0.5

0.5

0.5

ARAR (ug/1)^

0.000244

0.000244

0.000244

0.000244

0.000244

1(1
(1)
(2)

(3)

NJSDWA mcl is 100 ug/1 as sum of these 4 compounds.
The most conservative value for FW-2NT surface water quality criteria is presented.
The most recent New Jersey drinking water standards are presented.
The most stringent value from the SWQC and SDWA concentrations is presented as the
level used for comparison with the RI data.

2 of 2
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TABLE 1-15
New Jersey Surface Water Quality Standards (Metals/Cyanide)

For FW2-NT Waters

Contaminant

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

NJAC 7:9B(1)

SWQC FW-2
waters (ug/1)

NA

12.2

0.017

2,000

NA

10

NA

160

NA

NA

NA

5

NA

100

0.144

516

NA

10

164

NA

1.70

NA

NJ SDWA mcls^
(ug/1)

50 to 200

6

50

2,000

4

5

NA

100

NA

1,300

300

15

NA

50
2

100

NA

50

100

50,000

2

NA

ARAR (ug/1)^

50 to 200

6

0.017

2,000

4

5
—

100
—

1,300

300

5
—

50
0.144

100
—

10

100

50,000

1.7
—

1 Of 2
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TABLE 1-15
New Jersey Surface Water Quality Standards (Metals/Cyanide)

For FW2-NT Waters

Contaminant

Zinc

Cyanide

NJAC 7:9B(1)

SWQC FW-2
waters (ug/1)

NA

5.2

NJ SDWA mcls®
(ug/D

5,000

200

ARAR (ug/1)^

5,000

5.2

If
(1)
(2)

(3) .

NTSDWA mcl is 100 ug/1 as sum of these 4 compounds.
The most conservative value for FW-2NT surface water quality criteria is presented.
The most recent New Jersey drinking water standards are presented.
The most stringent value from the SWQC and SDWA concentrations is presented as the
level used for comparison with the RI data.
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TABLE 1-16

FRESHWATER SEDIMENT QUALITY CRITERIA
(Applicable Only if TOC >_ 0.2% or 2000ppm or 2000mg/kg)

Compound

Acenaphthene

Fluoranthene

Phenanthrene

Endrin

Dieldrin

Criteria
(ug/gTOC)

130 ug/gTOC

620 ug/gTOC

180 ug/gTOC

4.2 ug/gTOC

1 1 ug/gTOC

Sample SD-01-1

TOC Compound
(mg/kg) (ug/kg) /(ug/gTOC)*

61,800 97/1.6

61,800 4100/66.3

61,800 2300/37.2

61,800 R

61,800 R

Sample SD-01-02

TOC Compound
(mg/kg) (ug/kg) / (ug/gTOC)

31,400 4

31,400 880/28.0

31,400 440/14.0

31,400 R

31,400 R

SD-02-01

TOC Compound
(mg/kg) (ug/kg) / (ug/gTOC)

36,200 U

36,200 400/11.0

36,200 210/5.8

36,200 U

36,200 3.6/0.10

SD-02-02

TOC Compound
(mg/kg) (ug/kg) / (iig/gT(H-)

42,600 U

42,600 520/12.2

42,600 320/7.5

42,600 1.8/0.04

42,600 R

Compound

Acenaphthene

Fluoranthene

Phenanthrene

Endrin

Dieldrin

Criteria
(ug/gTOC)

130 ug/gTOC

620 ug/gTOC

180 ug/gTOC

4.2 ug/gTOC

1 1 ug/gTOC

Sample SD-03-01

TOC Compound
(mg/kg) (ug/kg) / ug/gTOC)

86,700 U

86,700 380/4.4

86,700 180/2.1

86,700 U

86,700 U

Sample SD-03-01 -D

TOC Compound
(mg/kg) (ug/kg) / (ug/gTOC)

70,700 U

70,700 260/3.7

70,700 120/1.7

70,700 R

70,700 R

SD-03-02

TOC Compound
(mg/kg) (ug/kg) / (ug/gTW)

100,000 U

100,000 220/2.2

100,000 120/1.2

100,000 U

100,000 U

SD-04-01

TOC Compound
(mg/kg) (ug/kg) / (ug/gTOC)

38,700 U

38,700 U

38,700 U

38,700 U

38.700 U
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TABLE 1-16

FRESHWATER SEDIMENT QUALITY CRITERIA
(Applicable Only if TOC >_ 0.2% or 2000ppm or 2000mg/kg)

Compound

Acenaphthene

Fluoranthene

'henanthrene

indrin

)ieldrin

Criteria
(ug/gTOC)

130 ug/gTOC

620 ug/gTOC

180 ug/gTOC

4.2 ug/gTOC

1 1 ug/gTOC

Sample SIMM-02

TOC Compound
(nig/kg) (ug/kg) /

(Ug/gTOC)'

49,800 U

49,800 U

49,800 U

49,800 U

49,800 U

Sample SD45-01

rOC Compound
(mg/kg) (ug/kg) / (ug/gTOC)

54,400 U

54,400 360/6.6

54,400 150/2.8

54,400 U

54,400 U

SIWW-02

rOC Compound
(mg/kg) (ug/kg) /(ug/gTOC)

54,200 U

54,200 540/10.0

54,200 170/3.1

54,200 U

54,200 U

SD-06-01

TOC Compound
(mg/kg) fug/kg) / (ug/gTOC)

54,700 U

54,700 360/6.6

54,700 290/5.3

54,700 U

54,700 U

Compound

Acenaphthene

Fluoranthene

Phenanthrene

Endrin

Dieldrin

Criteria
(ug/gTOC)

130 ug/gTOC

620 ug/gTOC

180 ug/gTOC

4.2 ug/gTOC

1 1 ug/gTOC

Sample SD-06-02

TOC Compound
(mg/kg) (ug/kg) / (ug/gTOC)

30,700 U

30,700 25/0.8

30,700 U

30,700 U

30,700 U

Sample SD-10-01

HOC Compound
(mg/kg) (ug/kg) / ug/gTOC)

34,000 U

34,000 310/9.1

34,000 120/3.5

34,000 10/0.29

34,000 U

SD-10-02

rOC Compound
<mg/kg) (ug/kg)/ (ng/gTOC)

35,100 U

35,100 270/7.7

35,100 110/3.1

35,100 R

35,100 U

SD-ll-OI

TOC Compound
(mg/kg) (ug/kg) / (ug/gTOC)

27,600 U

27,600 290/10.5

27,600 150/5.4

27,600 U

27,600 U
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TABLE 1-16

FRESHWATER SEDIMENT QUALITY CRITERIA
(Applicable Only if TOC >_ 0.2% or 2000ppm or 2000mg/kg)

Compound

Acenaphthene

Fluoranthene

Phenanthrene

Endrin

Dieldrin

Criteria
(ug/gTOC)

130ug/gTOC

620 ug/gTOC

180 ug/gTOC

4.2 ug/gTOC

1 1 ug/gTOC

Sample SD- 1 1-02

TOC Compound
(mg/kg) (ug/kg) /

(ug/gTOC)

49,800 U

49,800 100/2.0

49,800 130/2.6

49,800 U

49,800 U

Sample SD- 12-01

TOC Compound
(mg/kg) (ug/kg) / (ug/gTOC)

16,300 U

16,300 83/5.1

16,300 34/2.1

16,300 R

16,300 R

SD-12-02

TOC Compound
(mg/kg) (ug/kg) / (ug/gTOC)

41,400 U

41,400 91/2.2

41,400 38/0.9

41,400 U

41,400 U

* Y u e C
kg soil

1
X mg TOC

kg soil

x IQOOme TOC = 1000 x Y
1 g TOC X

Y=compound of interest concentration in sediment
X=TOC concentration in sediment
U = compound concentration below detection limit
R = rejected data
TOC = Total Organic Carbon content

ug C Compound Concentration per gm TOC
gTOC
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TABLE 1-17
COMPARISON OF PCB FIELD SCREENING RESULTS WITH

TCL PESTICIDES/PCBs ANALYTICAL RESULTS
FOR SURFACE BORING LOCATIONS

(Page 1 of 3)

Location

SB-01
SB-02***
SB-03
SB-04
SB-04N
SB-05***
SB-06
SB-07
SB-08
SB-09
SB- 10
SB-11
SB-11E
SB- 12
SB- 13
SB- 14
SB- 15
SB-15N
SB-16*"
SB-17
SB-17S
SB-18
SB-19
SB-20
SB-21*"
SB-22
SB-23
SB-24
SB-25
SB-26
SB-27
SB-28
SB-29
SB-30

Sample
Depth

0.0' - 2.0'
0.0' - 2.0'
00' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' -20'
00' -2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
00' - 20'
0.0' -20 '
00' -20 '
0.0' -20'
00' -20 '
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' -2.0'
0.0' - 20'
00' - 20'
0.0' - 2.0'
00' - 20'
0.0' -2.0'
00' -2.0'
0.0' • 2.0'
0.0' - 2.0'
0.0' - 20'
0.0' -20 '
0.0' - 2.0'
O.O1 - 2.0'
00' -20 '

PCB Field Screening*
<1 ppm : 1 - 5 ppm

•/
v i

s

•/
•s

•/

s

V'

j

',

>5 ppm

^

Total TCL Arodors (PCBs)*
<1 ppm 1 - 5 ppm >5 ppm

, i

•/

v
•
^ : '
-f
V i

, </
s

^

s

,
'
</
•/
s
s
•/
•/
s
•s

^

V"

'

• iI

Total TCL Pesticides/PCBs*
<1 ppm 1 - 5 ppm >5 ppm

I

•s

</
</
<t
s
s

^
•/

'

•/ \

': ' \ '

•/ '•• ':
•/
•/ \
s
/
v I
•/ \
<s
s

I

^



TABLE 1-17
COMPARISON OF PCB FIELD SCREENING RESULTS WITH

TCL PESTICIDES/PCBs ANALYTICAL RESULTS
FOR SURFACE BORING LOCATIONS

(Page 2 of 3)

Location

SB-31
SB-32
SB-33
SB-34
SB-35
SB-35E
SB-35W
SB-36
SB-37
SB-37N
SB-37W
SB-38
SB-39
SB-40
SB-41
SB-41N
SB-42
SB-43
SB-43N
SB-43W
SB-44
SB-44N
SB-45
SB-45S
SB-46
SB-47
SB-48
SB-49
SB-50
SB-51
SB-51 S
SB-52
SB-52S
SB-53

Sample
Depth

00' -2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.01

00' - 2.0'
0.0' - 20'
0.0' -2.0'
O.O1 - 2.0'
0.0' -2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
00' - 2.0'
0.0' -2.0'
00' - 2.0'
00' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
00' - 2.0'
0.0' -2.0'
0.0' - 2.0'
00' - 2.0'
0.0' - 2.0'
00' - 2.0'
00' -20'
00' -2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
00' -2.0'
0.0' - 2.0'

PCB Field Screening*
<1 ppm 1 - 5 ppm >5 ppm

v
s

v

s

•/

V

s
s \

s
V

v

•/

S

S

S
s
S

S

S ' '

•/
s \ :

s

•/
s

J

J
S
J

s
•/ \

•/
•/

'• ' s
•/

Total TCL Aroclors (PCBs)'
<1 ppm 1 - 5 ppm j >5 ppm

j
l

s
S

S

s

!

•/

i

Total TCL Pesticides/PCBs-
<1 ppm 1 - 5 ppm >5 ppm

•/

s
•/

\

\

\ '

I

S

S



TABLE 1-17
COMPARISON OF PCB FIELD SCREENING RESULTS WITH

TCL PESTICIDES/PCBs ANALYTICAL RESULTS
FOR SURFACE BORING LOCATIONS

(Page 3 of 3)

Location

SB-54
SB-55
SB-56
SB-57
SB-58
SB-59
SB-60
SB-61
SB-62
SB-63
SB-64
SB-65
SB-66
SB-67
SB-68
SB-69
SB-70
SB-71
SB-72
SB-73
SB-74
SB-75
SB-76
SB-77
SB-78
SB-79
SB-60
SB-61
SB-82
SB-83
SB-84
SB-85
SB-86
SB-87

i Sample
Depth

0.0' - 2.0'
i 0.0' -2.0'

0.0' -2.0'
0.0' - 2.0'
00' - 20'
0.0' - 2.0'
00' - 2.0'
0.0' - 2.0'
00' - 2.0'
O.O1 - 2.0'
00' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 2.0'
00' - 20'
0.0' - 20 '
0.0' - 2.0'
00 ' -20 '
0.0' - 2.0'
00' -2.0'
0.0' - 2.0'
00' -3.0'
0.0' - 2.0'
0.0' - 2.01

0.0' - 2.0'
00' - 2.0'
O.O1 - 2.0'
O.O1 - 2.01

0.0' - 2.0'
O.O1 - 2.0'
0.0' - 2.0'
0.0' - 2.0'
0.0' - 20'

PCB Field Screening'
<1 ppm 1 - 5 ppm

y
^ i
s
s
s
s \
V
s ]

s
•/
s

s

s
s
V

s
•/

s
s
s
s
V
s

•/

•/
s

<

>5 ppm

y

s

s
s
s
s

s

Total TCL Arodors (PCBs)*
<1 ppm 1 - 5 ppm >5 ppm

' I

!

v'

y

y
y
y
/

•/
s
s

\

Total TCL Pesticides/PCBs'
<1 ppm 1 - 5 ppm >5 ppm

s

•/ \

' \ :* \i ii
!

•/
S ': '
^ I

- !!
j



TABLE 1-18
COMPARISON OF PCB FIELD SCREENING RESULTS WITH

TCL PESTICIDES/PCB* ANALYTICAL RESULTS
FOR SUBSURFACE BORING LOCATIONS

(Page 1 of 3}

Location

SB-01
SB-02
SB-03
SB-04
SB-04N
SB-05
SB-06
SB-07
SB-08
SB-09
SB- 10
SB- 11
SB-11E
SB-12
SB- 13
SB-14
SB-15
SB-15N
SB- 16
SB-17
SB-17S
SB- 18
SB- 19
SB-20
SB-21
SB-22
SB-23
SB-24
SB-25
SB-26
SB-27
SB-28
SB-29
SB-30

Sample
Depth

4.0' -6.0'
3.0' - 5.0'
40' - 6.0'
4.0' -6.0'
4.0' -60 '
4.0' - 5.0'
2.0' -3.5'
4.0' - 50'
60' -8.0'
2.0' -4.0'
4.0' -6.0'
4.0' - 6.0'
2.0' - 3.0'
2.0' -4.0'
2.0' - 4.0'
4.0' -6.0'
40 ' - 5 0 '
2.0' - 3.0'
40' - 50'
2.0' -4.0'
2.0' - 35'
4.0'-6.0'
40' -6.0'
3.0' - 5.0'
2.0' - 40'
4.0' - 5.0'
4.0' - 50'
2.0' - 30'
40' -5 5'
4.0' -6.01

60' - 8 O1

60' - 75'
20' -40 '
40' -50 '

PCB Field Screening*
<1 ppm

•/

•/

•/
s

s

'
s

J

V

s

•/

•f
'

1 - 5 ppm

V

>5 ppm

•/

Total TCL Arodors (PCBs)'
<1 ppm 1 - 5 ppm ; >5 ppm

v'

*/ ; i

v'

•/ \
** |
^
s

^
•f ;

'
</ !

i

^ ! :
v' :

j

•

•/

•/

/

/

y'

•

^

•

^

•/

s
s

Total TCL Pesticides/PCBs'
<1 ppm 1 - 5 ppm >5 ppm

v'

V
•/

V

••
-s
s

s
s
s \
V \

•s
•/
s

s
i s

v-

^ :
v' |

</ i
^ !
•/
s
^ \
•s i ;i

s
•/ \



TABLE 1-18
COMPARISON OF PCB FIELD SCREENING RESULTS WITH

TCL PESTICIDES/PCBs ANALYTICAL RESULTS
FOR SUBSURFACE BORING LOCATIONS

(Page 2 of 3}

Location

SB-31
SB-32
SB-33
SB-34
SB-35
SB-35E
SB-35W
SB-36
SB-37
SB-37N
SB-37W
SB-36
SB-39
SB-40
SB-41
SB-41N
SB-42
SB-43
SB-43N
SB-43W
SB-44
SB-44N
SB-45
SB-45S
SB-46
SB-47
SB-48
SB-49
SB-50
SB-51
SB-51S
SB-52
SB-52S"
SB-53

Sample
Depth

8.0' - 90'
4.0' - 5.0'
2.0' -4.0'
4.0' - 6.0'
40' -60 '
4.0' -50 '
20' -3.0'
4.0' -6.0'
2.0' - 40 '
2.0' - 3.0'
20' -4.0'
6.0' -7.0'
40' - 5.0'
4.0' - 6.0'
40' -6.0'
2.0' - 3.0'
4.0' - 50'
4.0' - 5.0'
2.0' - 3.0'
2.0' -3.0'
2.0' - 4.0'
2.0' - 3.0'
2.0' - 4.0'
2.0' - 3.5'
2.0' - 4.0'
4.0' - 5.0'
4.0' - 5.0'
2.0' -4.0'
20' - 3.0'
2.0' - 3.0'
4.0' - 50'
4.0' - 5.0'
2.0' - 3.5'
4.0' - 5.0'

PCB Field Screening"
<1ppm

•/
s
•/
s
•/
s
s
s

J

</

•/
s

s
s
s
s

s

s
s

•/
•/
•/

s
V
•/
J
s

1 - 5 ppm

^

V

>5ppm

•

s

s

s

s

Total TCL Arockirs (PCBs)'
<1 ppm 1-5 ppm >5 ppm

^ !
^

i

v' i
^ i

^

^
^

•

•/

J

s

Total TCL Pesticides/PCBs*
<1 ppm 1-5 ppm >5 ppm

•/
V

S :

J

^ , i

I

^

V

•/

•/

\

•f

J

' All three blank columns indicate no analysis was performed
" Duplicate samples were collected and analyzed for TCL Pesticides/PCBs

400388



TABLE 1-18
COMPARISON OF PCB FIELD SCREENING RESULTS WITH

TCL PESTICIDESSPCBs ANALYTICAL RESULTS
FOR SUBSURFACE BORING LOCATIONS

(Page 3 of 3)

Location

SB-54
SB-55
SB-56
SB-57
SB-58
SB-59
SB-60
SB-61
SB-62
SB-63
SB-64
SB-65
SB-66
SB-67
SB-68
SB-69
SB-70
SB-71
SB-72
SB-73
SB-74
SB-75
SB-76
SB-77
SB-78
SB-79
SB-80
SB-81
SB-82
SB-83"
SB-84
SB-85
SB-86
SB-87

Sample
Depth

40' -50 '
4.0' -6.0'
4.0' -60'
4.01 - 6.0'
40' - 6.0'
4.0' - 6.0'
4.0' - 5.0'
4.0' - 60'
40' -60 '
2.0' -4.0'
40' -6.0'
4.0' -6.0'
40' - 5.0'
2.0' - 3.5'
80 ' - 100'
4.0' -6.0'
40 ' - S O '
4.0' - 50'
4.0' -5.5'
4.0' -5.0'
20' -4.0'
4.0' - 5.0'
4.0' - 6.0'
4.0' -5.0'
20' -40'
20' - 40 '
4 0' - 60'
40' -50 '
40' -5.0'
5.0' - 8.0'
70' -80 '
4.0' - 6.0'
40 ' -60 '
40' -60 '

PCB Field Screening*
<1 ppm
•
•
s
s
s
s
•/
V
s
s
s
s
s
s
s
s
s
•/
/

/

•/
s
/
^
^
^
^
•/
s
s

1 - 5 ppm

^

^

>5ppm

^
y'

Total TCL Aroctors (PCBs)'
<1 ppm 1-5 ppm >5 ppm

i t

I i

t•/

\

•/
s
•/

s
s

s
s

s
s
s

Total TCL Pesticides/PCBs'
<1 ppm 1 - 5 ppm >5 ppm

s

s \
' \

s
s

•/

s
s

< \
s
s

• All three blank columns indicate no analysis was performed
" Duplicate samples were collected and analyzed for TCL Pesticides/PCBs
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TABLE 1-19
COMPARISON OF SURFACE SOILS OROANICS RESULTS TO

N.J. CLEANUP CRITERIA
("9*9)

SAMPLE NAME
SAMPLE DEPTH

Vo«l* Organic Compounds

CARBON TETR*CHIORIO€
TRCHLOROETHENE
TETRACHLOROETHENE
1.1 2.2-TETRACHLOROf-THANE
CHLOROBENZENE
XVLENES (TOTAL)

SOIL
CLEANUP
CRITERLA

(NJAC 7 260)

1.000
1000
1000
1000
1.000

10.000
TOTAL Of All DETECTS IN THIS GROUP'

Soirt-Volal, Orpaifc ComnouiKH

BIS (2 ETHYLHEXYL) PHTHALATE 1 49 000
TOTAL OF ALL DETECTS IN THi5 GROUP

PeilMdu/PCBs

ALDRIN
DIELDRIN
4.4 DDE
TOXAPHENE
AROCLOR 1246
AROCLOR 1254
AROCLOR 1260

40
42

2000
too
490
490
490

TOTAL OF Alt DETECTS IN n 4 GROUP

C1-SB-04-01
0 0 2 0

92

22.920

.....

540

»53

Cl SB 0901
00 20

..._

. —

44

——
160

Cl SB 10 01
00 20

. _.

---

40,000
"St300

2.420

56
64

1200
2.300
1.400
5.298

Cl SB 14 01
0 0 2 0

._..

._..

... . . . o

24

43

321

Cl SB 1501
0 0 2 0

.....

_...

15

0

440

——
11.000
4.500
4.100

20.411

C1-SB 16-01
0 0 - 2 0

5000
32000

7.000
....

3.JOO
56.000

202.660

5,530

110

——
3400

—

S.709

C1 SB 1601 D
0 0 - 2 0

29

343

790
1.900
2.116

C1-SB 17-01
0 0 2 0

... ——— —

236

52

140
.....

3.600
1.600

620
6.229

Cl SB 3601
0 0 2 0

.....
——

49

0

.....
3.100
2.000
5,193

Cl -SB- 39-01
0 0 - 2 0

7

26.250

56

970
6.600
6,600

11.53)

C1-SB 43-01
0 0 2 0

3.500

110.000
506.500

63,000
99.700

13.000

——
2.100
3.900

43.000
62300

C1 SB 46 01
00 20

25000

——
25.979

5.070

130

3600

3.671

Cl SB 7301
00 20

._.

——
57

4,940

51

— ..
660
640
530

1.977

Cl SB-74-01
0 O1 2 0
-..

-..-

——
125

701

130
57

6.100
1.500
3.200

11,114

Cl SB 7501
00 20

0

6.950

8,300

4.600

310000
47,000

170.000
539.900

L TOTAL OF AU O£TECTED TCL ORGANICS' . 1 23.965 ]_ 1861 60,0181 211.8991 5.242J 670.8001 546.6501

-- -- Not Detected or below Sol Cleanup Criteria (Appendix 3 lor details)

' Per NJAC 7 2«0, (I) total organic conlamlnant* (Including total petroleum hydrocarbons) shal not exceed 10.000.000 ug/kg.
(H) when total votaMa organic contaminants are greater than or equal lo 1.000.000 ug/kg. their cleanup standard shal be 1.000.000 ug/kg. except as provided In (M) below.
{«) when total volatile organic contamlnanls are above 100.000 ug/kg but below 1,000.000 ug/kg. their cleanup standard shal be based on an evaluation of actual and potential Impacll lo any subsurface structures

03
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TABLE 1-20

•COMPARISON OF SUBSURFACE SOILS ORGANICS
RESULTS TO N.J. CLEANUP CRITERIA

SAMPLE NAME
SAMPLE DEPTH

Volatile Organic Compounds

CARBON TETRACHLORIDE
TRICHLOROETHENE
TETRACHLOROETHENE
1 ,1 ,2,2-TETRACHLOROETHANE
CHLOROBENZENE
XYLENES (TOTAL)

SOIL
CLEANUP C1 -SB-74-02 C1 -SB-76-02
CRITERIA 2.0' - 4.0' 4.0' - 6.0'

(NJAC 7:26D)

1,000
1,000
1,000
1,000
1,000

10,000
TOTAL OF ALL DETECTS IN THIS GROUP*

Semi-Volatile Organic Compounds

BIS (2-ETHYLHEXYL) PHTHALATE 100,000
TOTAL OF ALL DETECTS IN THIS GROUP

Pesticides/PCBs

ALDRIN
DIELDRIN
4,4'-DDE
TOXAPHENE
AROCLOR 1248
AROCLOR 1254
AROCLOR 1260

TOTAL OF ALL DETECTS IN TH

50,000
50,000
50,000
50,000
50,000
50,000
50,000

1,700
—— j 18,000

12,000 2,600
9nnn
8 ^nn

24,000 40,000
53,910 115,850

1,809 24,950

—— ——

—— ——
IS GROUP 24,193 6,076

I TOTAL OF ALL DETECTED TCL ORGANICS* 79.912 j 146^8761

NOTES:

— Not Detected or below Soil Cleanup Criteria (Appendix S for details).

* Per NJAC 7:26D, (i) total organic contaminants (including total petroleum
hydrocarbons) shall not exceed 10,000,000 ug/kg; (ii) when total volatile
organic contaminants are greater than or equal to 1,000,000 ug/kg, their
cleanup standard shall be 1,000,000 ug/kg, except as provided in (iii) below;
(iii) when total volatile organic contaminants are above 100,000 ug/kg but
below 1,000,000 ug/kg, their cleanup standard shall be based on an
evaluation of actual and potential impacts to any subsurface structures.
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TABLE 1-21 (Page 1 of 3 )
Selective Comparison of Onsitc and Offsite Volatile Organic Compound Contamination in Groundwater

Well Name Number of VOCs
Detected in Well

Concentration of
Total VOCs (ug/l)

VOC (s) Detected
in Sampled Well
but Not in C-l

% of Total VOC
Contaminants
That Is PCE

Wells at the Chemsol Site

c-r
TW-7'

TW-7J

TW-8'

TW-82

TW-91

TW-92

C-3'

C-41

DMW-I1

DMW-I2

DMW-21

DMW-22

DMW-31

DMW-32

DMW-41

DMW-42

18

6

8

10

12

5

2

7

10

8

14

4

6

II

7

3

5

530,190

13,520

9,076

87,865

21,973

74

104

110

4,015

2,316

3,673

16

31.95

1207

668

117

95.8

-

-

-

-

Dichloromethane

-

-

-

1 ,2-Dichloropropane

-

Dichloromethane
1 ,2-Dichloropropane

-

Dichloromethane
1 ,2-Dichlorobenzene

1 ,2-Dichloropropane

-

-

-

0.42

0.28

ND

0.57

ND

4.05

24.03

15.45

ND

0.10

0.41

ND

ND

1.38

ND

ND

NDro



TABLE l( Page 2 of 3)
Selective Comparison of Onsite and Offsite Volatile Organic Compound Contamination in Groundwater

Well Name Number of VOCs
Detected in Well

Concentration of
Total VOCs (ug/l)

VOC (s) Detected
in Sampled Well
but Not inC-l

% of Total VOC
Contaminants
That Is PCE

Wells between the Chem.sol Site and the Nova-Ukraine Subdivision

TW-15'

TW-15'

MW-1041

MW-1042

Parkway Plastics'

3

3

2

2

9

14

118

420

8,752

1494

-

-

Dichloromethane

-

Dichloromethane

57.14

68.64

52.38

99.41

44.11

Wells at the Nova-Ukraine Subdivision

5 1 ranklin4

9 Franklin4

10 Franklin4

15 Franklin4

27 Franklin'

27 Franklin*

6 SI Michael7

6 SI. Michael"

lOSt. Michael7

1 1 St. Michael"

23 St. Michael7

28 St. Michael7

37 St. Michael7

6

1

3

2

ND

1

2

1

1

1

ND

ND

3

3358

28

1429

41.7

-

2.6

4.7

0.6

0.8

16.2

-

-

35.5

I.l-Dichloroethane

-

-

-

-

Trichlorofluoromcthane

-

-

-

-

-.

-

Dihromochloromcthanc

92.32

100

97.97

98.32

-

ND

85.11

ND

100

100

-

-

ND
o

• ^.y

CO



.c,,TABLED (Page 3 of 3)
Selective Comparison of Onsite and Offsite Volatile Organic Compound Contamination in Groundwater

Well Name

38 St Michael

4613 New Brunswick*

4613 New Brunswick'

4615 New Brunswick7

4615 New Brunswick*

4615 New Brunswick'

7 Carpalhia7

7 Carpathia'

HFranko'

22 Franko7

31 Franko7

32 Franko7

36 Franko7

39 Franko7

Number of VOCs
Detected in Well

1

3

1

ND

3

ND

1

1

ND

ND

ND

ND

1

ND

Concentration of
Total VOCs (ug/l)

3.5

1.93

1.4

-

I.I

-

4.6

5.0

-

-

-

-

3.7

-

VOC (s) Detected
in Sampled Well
but NotinC-l

-

-

-

-

-

-

-

-

-

-

-

-

Chloromethane

-

% of Total VOC
Contaminants
That Is PCE

ND

82.90

100

-

9.09

-

100

100

-

-

-

-

ND

-

o
Cx

GO

Notes: ND- Compound or compounds not detected and no value may be given
(-) - Since compound(s) are ND, no value can be calculated
'- COM Federal Programs Corporation Sampling Round 1 March/April, 1994
]- Handing Lawson Associates September 14, 1990
3- Parkway Plastics Effluent Sampling February 23, 1990
'- Harding Lawson Associates January II, 1990 as referenced in Chemsol RI/FS Work Plan June 1992
'- U.S. EPA February 6 & 7, 1991 as referenced in Chemsol RI/FS Work Plan June 1992
'- U.S. EPA November 17,1992 Residential Well Sampling
'- MCDOH January 8-10 & 25, 1990 as referenced in Chemsol RI/FS Work Plan June 1992



TABLE 1-22
SORTED RETARDATION FACTORS FOR DISSOLVED

CHEMSOL SITE CONTAMINANTS IN THE SATURATED ZONE

TCL Organic Compound Rf logRf Comparison to Flow Rate

Acetone
2-Butanone
Vinyl Chloride
Chloroethane
4-Methyl-2-Pentanone
Methylene Chloride
1 ,2-Dichloroethane
Bis (2-Chloroethyl) Ether
2-Methyl phenol
Phenol
1.1-Dichloroethane
Isophorone
Chlorofomi
4-Methyl phenol
1 ,2-Dichloropropane
1 ,1 ,2-Trichloroethane
Bis(2-Chloroisopropyl)Ether
1,1-Dichloroethene
Diethylphthalate
Nitrobenzene
Benzene
1 , 1 ,2,2-Tetrachloroethane
Xylenes (Total)
Trichloroethene
2-Hexanone
1 ,2-Dichloroethene - cis
1,1,1 -Trichloroethane
Toluene
1 ,4-Dichlorobenzene
1 ,3-Dichlorobenzene
1 ,2-Dichloroethene - trans
1 ,2-Dichlorobenzene
Butytbenzylphthalate
Carbon Disulfide
Ethylbenzene
Tetrachloroethene
Chlorobenzene
2-Chlorophenol
Carbon Tetrachloride
N-Nitrosodiphenylamine
2 .4-Dichlorophenol
Naphthalene
Di-N-Butylphthalate
Toxaphene
Hexachloroethane
Endosulfan II
2-Methylnaphthalene
Endrin, Total
1 ,2,4-Trichlorobenzene
Dieldnn
Anthracene
Heptachlor Epoxide
Fluoranthene
4.4-DDD
Pyrene
Methoxychlor
Aldnn
Bis (2-Ethylhexyt) Phthalate
4,4-DDT
Chrysene
Benzo(a)pyrene
Arodor 1254
Aroclor 1248
Benzo(b)fluoranthene
4.4'-DDE
Benzo( a (anthracene
Aroclor 1260
Benzo(k)fluoranthene
Di-N-Octylphthalate

1.0E+00
1.1E+00
1.1E+00
1.2E+00
1.3E+00
1.4E+00
1.7E+00
1.7E+00
2.1E+00
2.4E+00
2.5E+00
2.6E+00
3.2E+00
3.5E+00
3.6E+00
3.8E+00
4.1E+00
4.3E+00
4.5E+00
5.5E+00
6.0E+00
7.0E+00
7.5E+00
7.5E+00
7.5E+00
8.0E+00
8.5E+00
8.5E+00
9.0E+00
9.5E+00
1.0E+01
1.1E+01
1.2E+01
1.3E+01
1.4E+01
1.4E+01
1.8E+01
1.9E+01
2.3E+01
3.0E+01
4.5E+01
6.6E+01
7.1E+01
7.6E+01
1.1E+02
1.2E+02
3.7E+02
4.2E+02
4.BE+02
6.5E+02
9.5E+02
1.1E+03
2.1E+03
2.2E+03
2.4E+03
4.0E+03
4.8E+03
5.0E+03
1.2E+04
1.3E+04
2.0E+04
2.1E+04
2.2E+04
2.8E+04
5.0E+04
7.0E+04
1.3E+05
2.2E+05
4.9E+07

0.01
0.03
0.05
0.06
0.12
0.16
0.23
0.23
0.32
0.37
0.40
0.41
0.51
0.54
0.55
0.58
0.61
0.63
0.65
0.74
0.78
0.85
0.88
0.88
0.88
0.90
0.93
0.93
0.95
0.98
1.00
1.02
1.06
1.11
1.15
1.15
1.24
1.28
1.36
1.48
1.65
1.82
1.85
1.88
2.05
2.06
2.57
2.62
2.68
2.81
2.98
3.02
3.32
3.34
3.37
3.60
3.68
3.70
4.08
4.10
4.30
4.31
4.34
4.44
4.70
4.85
5.11
5.34
7.69

A

Flow rate same order of
magnitude as water

T
A

Flow rate one order of
magnitude slower than water

T
A

Flow rate two orders of
magnitude slower than water

T
A

Flow rate three orders of
magnitude slower than water

T
A

Flow rate four or more orders of
magnitude slower than water

T
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TABLE 1-22 (Conto.)
SORTED RETARDATION FACTORS FOR DISSOLVED

CHEMSOL SITE CONTAMINANTS IN THE SATURATED ZONE

TAL Inorganic Analyte Rf logRf Comparison to Flow Rate

Selenium
Barium
Chromium (+6)
Arsenic (+3)
Nickel
Thallium
Mercury
Cadmium
Zinc
Copper
Beryllium

1.5E+02
2.5E+02
7.5E+02
1.5E+03
4.0E+03
4.4E+03
9.0E+03
8.0E+04
3.2E+05
1.3E+06
5.0E+06

216 Flow rate two orders ^
2.40 of magnitude slower
2.88 than water T
3.18
3.60 Flow rate three orders
3.64 of magnitude slower
3.95 than water
4.90 4
5.50 Flow rate four or more
6.10 orders of magnitude
6.70 slower than water T

A

f
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Table 2-1
Potential Chemical Specific ARARs/TBCs
Feasibility Study For the Chemsol Inc. Site

Statute, Standard, Requirement, Criteria
Or Limitation

Federal
Soil:

Toxic Substances Control Act.

Toxic Substances Control Act

Toxic Substances Control Act

Toxic Substances Control Act

Resource Conservation and Recovery
and Recovery Act (RCRA)

Citation Or Reference

15 USC 2605

Requirements for PCB
Spill Cleanup (40 CFR
761.125)

Guidance on Remedial
Actions for Superfund
Sites with PCB
Contamination (OSWER
Directive 9355.4-01)

Revised interim Soil Lead
Guidance for CERCLA
Sites and RCRA
CorrectiveAction Facilities
(OSWER Directive
9355.4-12)

Hazardous Waste
Determination - Toxicity
Characteristic (40 CFR
261.24)

Description

Applicable to storage and disposal of PCB
and pesticide contaminated material.

Establishes PCB cleanup levels for soils and
solid surfaces.

Provides guidance on identifying principal
threat and low-threat areas of PCB
contamination. At industrial sites, PCBs at
concentrations of 500 ppm or greater
generally pose a principal threat.

Recommends a screening level for lead of
400 ppm in soil for residential land use.

Establishes maximum concentrations of
contaminants for the toxicity characteristic
using the test method described in 40 CFR
261 Appendix H.

Status

Applicable

Applicable

Applicable

Applicable

Applicable

Comments

Establishes requirements for soil
containing > 50 ppm PCBs.

Applicable to spills of materials
containing PCBs at concentrations of
50 ppm or greater than occurred after
February 17, 1978. These
requirements may be relevant and
appropriate to the evaluation of PCB
levels in site soils.

Will be considered at Chemsol with
respect to soil PCB contamination.

Chemsol is expected to be developed
for residential use. This will be
considered to screen soil lead
contamination levels.

Applicable to the determination of
whether soils, if excavated, require
handling as a hazardous waste.

O
i^,
CO
f£>
-5
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Table 2-1
Potential Chemical Specific ARARs/TBCs
Feasibility Study For the Chemsol Inc. Site

Statute, Standard, Requirement, Criteria
Or Limitation

Federal
Air:

Clean Air Act.

National Primary and Secondary
Ambient Air Quality
Standards (NAAQS).

National Emission Standards
for Hazardous Air Pollutants
(NESHAPs).

Ground Water:

Safe Drinking Water Act
(SOW A).

National Primary Drinking
Water Standards.

Citation Or Reference

42 USC 7401 Section 1 12

40 CFR 50

40 CFR 61

Pub. L. 95-523, as
amended by Pub. L.
96502, 22 USC 300 et.
seq.

40 CFR Part 141

Description

Establishes limits on pollutant emissions to
atmosphere.

Establishes primary and secondary NAAQS
under Section 109 of the Clean Air Act.

Establishes NESHAPs.

Set limits to the maximum contaminant
levels (MCLs) and maximum contaminant
level goals (MCLGs).

Applicable to the use of public water
systems; Establishes maximum contaminant
levels, monitoring requirements and
treatment techniques.

Status

Applicable

Potentially
Applicable

Potentially
Applicable

Applicable

Applicable

Comments

Pollutants deemed hazardous or non-
hazardous based on public health.

Primary NAAQS define levels of air
quality necessary to protect public
health. Secondary NAAQS define
levels of air quality necessary to
protect the public welfare from any
known or anticipated adverse effects
of a pollutant. Applicable to remedial
action alternative(s) that may emit
pollutants to the atmosphere.

Establishes NESHAPs for toxic
emissions.

The aquifer system has been
designated as a drinking water aquifer
by the EPA.

Primary MCLs are legally
enforceable.
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Table 2-1
Potential Chemical Specific ARARs/TBCs
Feasibility Study For the Chemsol Inc. Site

Statute, Standard, Requirement, Criteria
Or Limitation

Federal
National Secondary
Drinking Water Standards.

SDWA MCL Goals.

USEPA Office of Drinking
Water Health Advisories.

Surface Water:

Clean Water Act (CWA).

Clean Water Act (CWA).

Clean Water Act (CWA).

Toxic Pollutant Effluent Standards.

Citation Or Reference

40 CFR Part 143

40CFR 141.50
FR 46936

33 USC 1251 et.seq.

Ambient Water Quality
Criteria (AWQC) (40 CFR
131.36(b)(l))

Effluent Discharge
Limitations (40 CFR
401.15)

40 CFR Part 129

Description

Applicable to the use of public water
systems; Controls contaminants in drinking
water that primarily effect the aesthetic
qualities relating to public acceptance of
drinking water.

Established drinking water quality goals, set
at levels of anticipated adverse health effect
with an adequate margin of safety.

Standards issued by the USEPA Office of
Drinking Water.

Applicable for alternatives involving
treatment with point-source discharges to
surface water.

Non-enforceable guidelines established for
the protection of human health and/or
aquatic organisms.

Regulates the discharge of contaminants
from an industrial point source.

Applicable to the discharge of toxic
pollutants into navigable waters.

Status

Applicable

Applicable

TBC

Potentially
Applicable

Potentially
Applicable

Comments

Secondary MCLs pertain to aesthetic
characteristics (taste, odor) and are
not legally enforceable.

Criteria available for water and fish
ingestion, and fish consumption for
human health. State criteria are also
available.

AWQC will be applicable to remedial
alternatives which involve discharges
to surface water.

Regulations will be applicable to
remedial alternatives which involve
discharges to surface water.

Effluent limitation for toxic pollutants
are based on the best available
technology economically achievable
(BATEA) for point source discharges.
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Table 2-1
Potential Chemical Specific ARARs/TBCs
Feasibility Study For the Chemsol Inc. Site

Statute, Standard, Requirement, Criteria
Or Limitation

Federal
RCRA:

Resource Conservation and
Recovery Act (RCRA) -
Identification and Listing of
Hazardous Waste.

Resource Conservation and
Recovery Act Maximum
Concentration Limits.

Land Disposal Restrictions

USEPA Office of Research and
Development Reference Doses.

USEPA Environmental Criteria
and Assessment Office
Carcinogenic Potency Factors.

Pretreatment Standards.

New Jersey State
Soil

Citation Or Reference

40 CFR Part 264.1

40 CFR Part 264

40 CFR 268

40 CFR 403

NJ Soil Cleanup Criteria

Description

Defines those solid wastes which are subject
to regulations as hazardous wastes under 40
CFR parts 262-265 and Parts 124, 270,
271.

Groundwater protection standards for toxic
metals and pesticides.

Established maximum concentrations of
contaminants on the basis of which
hazardous wastes are restricted from land
disposal.

Reference dose issued by the USEPA Office
of Research and Development.

As devised by the USEPA's Environmental
Criteria and Assessment Office, USEPA
Carcinogen Assessment Group.

Establishes pretreatment standards to
control pollutants that pass through or
interfere with POTW treatment processes or
may contaminate sewage shidge.

Non-promulgated soil criteria developed
based on protection of human health or
ground water quality used for developing
site-specific cleanup levels.

Status

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

TBC

TBC

Potentially
Applicable

TBC
Applicable

Comments ^

May be considered an ARAR for
solids produced during groundwater
treatment.

These provisions are applicable to
RCRA regulated units that are subject
to permitting.

This regulation will be applicable to
remedial alternatives which utilize
land disposal of soils determined to
be a hazardous waste.

Applicable to remedial action
alternative that includes discharge to
POTW or to a sewer system that is
connected to a POTW.

TBCs for the evaluation of soil
quality.

Page 4 of 5



Table 2-1
Potential Chemical Specific ARARs/TBCs
Feasibility Study For the Chemsol Inc. Site

Statute, Standard, Requirement, Criteria
Or Limitation

New Jersey State
Sediment:

Ground water
and Surface Water:
NJ Water Pollution Control Act

NJ Groundwater Quality Standards

Hazardous Waste:

Hazardous Waste Criteria, Identification
and Listing

Citation Or Reference

NJ Guidance for Sediment
Quality Evaluations
(March 1991)

NJ Surface Water Quality
Standards (NJAC 7:9B-
M4(c)>

NJAC 7:9-Subchapter 6

NJAC 7:26-Subchapter 8

Description

Provides a methodology for determining
contaminants of concern, current and
potential ecological impacts and appropriate
remedial activities for sediments. Includes
sediment screening criteria based on an
equilibrium partitioning approach and
biological effects screening levels.

Established water quality standards for
various surface water classes.

Establishes constituent standards for
ground water pollutants. It defines
numerical criteria for limits on discharges to
groundwater and standards for cleanups.

Defines those solid wastes that are subject
to regulation as hazardous waste

Status

TBC
Applicable

Applicable

Applicable

Applicable

Comments

TBC for the evaluation of sediment
quality. Monitoring will be
performed.

Potential ARARs due to classification
of Stream 1A near site as FW2-NT.
Will affect alternatives which include
discharges to the Stream 1 A.

Potential ARARs for groundwater
alternatives.

Applies to offsite disposal of material.
TCLP limits are applicable.
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Table 2-2
Potential Location Specific ARARs/TBCs
Feasibility Study For Chemsol Inc. Site

Standard, Requirement, Criteria
Or Limitation

Federal
Ground Water and
Surface Water:

Clean Water Act.

Regulations of Activities
Affecting Water of the U.S.

Standards for Owners and
Operators of Hazardous Waste
Treatment, Storage and
Disposal Facilities.

Fish And Wildlife:
Fish And Wildlife
Coordination Act.

Endangered Species Act.

Citation Or Reference

Section 404

33 CFR 320-329

40 CFR, Part 264. 18

16 USC 661

16 USC 1531

Description

Prohibits discharge of dredged or fill
material into wetlands without a permit.
Preserves and enhances wetlands.

Corps of Engineers, Department of the
Army regulations are codified in Title 33
(Navigation and Navigable Waters) of the
Code of Federal Regulations (33 CFR
Parts 200-399).

Part 264.18 establishes location standards
including seismic considerations and flood
plain requirements.

Provides procedures for consultation
between regulatory agencies to consider
wildlife conservation during water
resource-related projects.

Requires Federal agencies to ensure that
actions they authorize, fund or carry out
are not likely to jeopardize the continued
existence of endangered/threatened species
or adversely modify or destroy the critical
habitats of such species.

Status

Applicable

Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Comments

Requires a permit for any
remedial activity that
proposes to discharge
dredged or fill material into
wetlands.

Applicable to remedial
activities that affect U.S.
waters subject to Army
Corps of Engineers
regulations.

May be applicable to
remedial activities affected
by seismic considerations
or remedial activities
conducted in flood plain
areas.

May be applicable to
remedial activities that may
affect fish and wildlife
resources.

Applicable to remedial
activities that may affect
endangered or threatened
species that may exist in
areas affected by the
remedial activity.

O
ro
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Table 2-2
Potential Location Specific ARARs/TBCs
Feasibility Study For Chemsol Inc. Site

Standard, Requirement, Criteria
Or Limitation

Federal
Fish And Wildlife

Coordination Act.

Floodplain, Wetland,
Coastal Zone:

Executive Order On
Floodplain Management.

Flood Disaster Protection Act of
1973

Flood Disaster Protection Act of
1973

Flood Disaster Protection Act of
1973

Wetland Executive Order.

Citation Or Reference

Protection of Wildlife
Habitats

16 USC 661

Executive Order No 11988
40 CFRs 6.302(b) and

Appendix A

Disaster Prevention

Water Resources Council
Floodplain Management

Guidelines
(February 10, 1978

USEPA Statement of Policy
on Floodplaines and

Wetlands Assessments for
CERCLA Actions.

Executive Order No. 1 1990
Protection of Wetlands

Description

Prevents the modification of a stream or a
river that affects fish or wildlife.

Requires Federal agencies to evaluate the
potential effects of actions that may take
place in a floodplain to avoid the adverse
impacts associated with direct and indirect
development of a floodplain.

Regulates development in flood prone
areas under FEMA.

Outlines decision-making process o be
used in complying with Executive Order
11988.

Mandates he preparation of wetlands and
floodplains assessments as appropriate for
the CERCLA program.

Regulates activities conducted in a wetland
area to minimize the destruction, loss or
degradation of the wetlands

Status

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Comments

Potential ARAR if remedial
activities result in
modifications to the Stream
1 A which affect fish or
wildlife.

Applicable to remedial
actions that affect wetland
areas.

Potential ARAR for areas
adjacent to Stream 1A and
Stream IB.

Potential TBC for areas
adjacent to Stream 1A and
Stream IB.

Potential TBC for areas
adjacent to Stream 1A and
Stream IB.

Potential ARARs if a
remedial action is proposed
within a wetland area.
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Table 2-2
Potential Location Specific ARARs/TBCs
Feasibility Study For Chemsol Inc. Site

4-
O

Standard, Requirement, Criteria
Or Limitation

Federal
Wetland Executive Order.

Other:
National Historic Preservation
Act (NHPA).

National Historic Preservation
Act of 1966 (16 USC 470,et seq.)

Farmland Protection Policy Act

New Jersey State
Wetlands:
NJ Freshwater Wetlands
Protection Act

NJ Freshwater Wetlands
Regulations

Citation Or Reference

Wetlands Construction and
Management Procedures (40

CFR 6, Appendix Z)

7 CFR 650

16 USC 470,et seq.
Protection of Historic Places

7 USC 4201 et seq.
Protection of Significant

Important agricultural lands.

NJSA 13:9B
Regulation of Activities In

and Around Wetlands

NJAC 7:7

Description

Sets forth EPA policy for carrying out the
provisions of Executive Order 11900.
Regulates activities conducted in a wetland
area to minimize the destruction, loss or
degradation of the wetlands

Establishes regulations for determining a
site's eligibility for listing in the National
Registry of Historic Places.

Requires actions to take into account
effects on properties included in or eligible
for the National Register of Historic Places
and minimizes harm to National Historic
Landmarks.

Requires evaluation of direct and indirect
effects of actions on remaining farms and
farm support sources.

Provides for classification of freshwater
wetlands and establishes permit
requirements for activities which impact
freshwater wetlands.

Regulates alteration or disturbance in and
around freshwater wetland areas.

Status

Potentially
Applicable

Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Comments

Potential ARARs if a
remedial action is proposed
within a wetland area.

Requires consideration of
remedial activity impact
upon any property included
in or eligible for inclusion
in The National Registry of
Historic Places.

Potential ARAR if activities
impact areas identified as
having the potential for
cultural resources.

Potential ARAR as local
area was formerly
farmland.

Potential ARAR if a
remedial action is proposed
within a wetland area.

Potential ARAR if a
remedial action is proposed
within a wetland area.
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Table 2-2
Potential Location Specific ARARs/TBCs
Feasibility Study For Chemsol Inc. Site

Standard, Requirement, Criteria
Or Limitation

New Jersey State
Ftoodplains:
Flood Hazard Area Control Act

Historic Areas:
NJ Conservation Restriction and
Historic Preservation Restriction
Act

Farmlands:
Agricultural Retention and
Development Act

Citation Or Reference

Protection of Floodplains

NJSA 13:88-1
Protection of Historic Places

NJSA4:IC-11
Protection of Farmlands

Description

Regulates any land use in a flood hazard
area to reduce risks due to flooding.

Allows for the acquisition and enforcement
of conservation restrictions and historic
preservation restrictions by the NJDEP at
historic sites.

Authorizes the establishement of county
agricultural development boards, who are
required to develop agriculture retention
and development programs and farmland
preservation programs.

Status

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Comments

Potential ARAR for areas
adjacent to Stream 1A and
Stream IB.

Potential ARAR if activities
impact areas identified as
having the potential for
cultural resources.

Potential ARAR for
activities which could
impact former farmland
areas.

O
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Table 2-3
Potential Action Specific ARARs/TBCs
Feasibility Study the Chemsol Inc. Site

Standard, Requirement Criteria
Or Limitation

Federal
Hazardous and Solid Waste Amendments
of 1984 (HSWA)

Clean Air Act

Clean Air Act

Clean Air Act

Hazardous Materials Transportation Act

Occupational Safety and Health Act

Occupational Safety and Health Act

Occupational Safety and Health Act

Citation Or Reference

Land Disposal Restrictions

National Ambient Air
Quality Standards

(NAAQS)-Particulates (40
CFR50)

New Source Performance
Standards (NSPS) (40 CFR

60)

Emissions Standards for
Hazardous Air Pollutants
(NESHAPS) (40 CFR 61)

Rules for Transportation of
Hazardous Materials (49

CFR 170, 171)

Recordkeeping, Reporting
and Related Regulations (29

CFR 1904)

General Industry Standards
(29 CFR 1910)

Safety and Health Standards
(29 CFR 1926)

Description

Prohibits placement of hazardous wastes
in locations of vulnerable hydrogeology
and lists certain wastes, which will be
evaluated for prohibition by EPA under
RCRA.

Establishes maximum concentrations for
participates and fugitive dust emissions.

Requires Best Available Control
Technology (BACT) for new sources, and
sets emissions limitations.

Establishes emissions limitations for
hazardous air pollutants.

Procedures for packaging, labeling,
manifesting, and off-site transport of
hazardous materials.

Outlines recordkeeping and reporting
requirements.

Establishes requirement for 40-hour
training and medical surveillance of
hazardous waste workers

Regulations specify the type of safety
equipment and procedures for site
remediation/excavation.

Status

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Comments '"

Potential ARARS which may limit the
use of land disposal in remediating
certain hazardous wastes.

ARARs for alternatives involving
treatment methods which result in
discharges to ambient air.

ARARs for alternatives involving
treatment methods which result in
discharges to ambient air.

ARARs for alternatives involving
treatment methods which result in
discharges to ambient air.

ARARs for alternatives involving the
off-site shipment of hazardous
materials or waste.

ARARs for all
contractors/subcontractors involved in
Hazardous activities.

ARARs for workers and the
workplace throughout the
implementation of hazardous activities.

ARARs for workers and the
workplace throughout the
implementation of hazardous activities.
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Table 2-3
Potential Action Specific ARARs/TBCs
Feasibility Study the Chemsol Inc. Site

Standard, Requirement Criteria
Or Limitation

Federal

EPA's Contaminated Sediment
Management Strategy

Threshold Limit Values, American
Conference of Governmental
Industrial Hygienists.

Groundwater and
Surface Water:

Clean Water Act.

Effluent Limitations.

Water Quality Standards And
Effluent Limitations.

Water Quality Standards And
Implementation Plans.

Citation Or Reference

Water Resources
Development Act 1992

Title V

EPA 823-R-94-001

ACGffl
ISBN: 0-936712-92-9

33 USC 1251 et.seq.

Section 301

Section 302

Section 303

Description

Establishes strategic goals and principals
to promote and ensure the use of
consistent sediment quality and risk
assessment practices, consistent
approaches to management of
contaminated sediment risks and
resources for research technology and
development.

Threshold Limit Value (TLVs) and
Biological Exposure Indices (BEIs) are
listed as guidelines to assist in the control
of health hazards.

Restoration and maintenance of chemical,
physical and biological integrity of the
nation's water.

Technology-based discharge limitations
for point sources of conventional,
nonconventional, and toxic pollutants.

Protection of intended uses of receiving
waters (e.g. , Public water supply,
recreational uses).

Requires State to develop water quality
criteria.

Status

Potentially
Applicable

TBC

Applicable

Applicable

•

Applicable

Applicable

Comments

To-be-considered for monitoring
purposes in the evaluation of remedial
actions.

TLVs and BEIs were not developed
for use as legal standards but may be
used as a basis for a health and safety
program during site remedial
activities.

Sets standards to restore and maintain
the integrity of the nation's water.

Applicable for treatment options
requiring discharge either to surface
water bodies or to POTWs.

Applicable for treatment options
requiring discharge either to surface
water bodies or to POTWs.

Applicable for treatment options
requiring discharge either to surface
water bodies or to POTWs.
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Table 2-3
Potential Action Specific ARARs/TBCs
Feasibility Study the Chemsol Inc. Site

Standard, Requirement Criteria
Or Limitation

Federal
Toxic And Pretreatment Effluent
Standard.

National Pollutant Discharge
Elimination System (NPDES)
Permit Regulations.

NPDES Regulations.

Regulations on Test Procedures for
the Analysis of Pollutants.

Safe Drinking Water Act
Underground Injection.

Wild and Scenic Rivers Act.

Guidance on Remedial Actions for
Contaminated Ground Water at
Superfund Sites, USEPA Office of
Emergency and Remedial Response.

Citation Or Reference

Section 307

40 CFR 122

40 CFR 125

40 CFR 136

40 CFR Parts 144-146

16 USC 1271

EPA7540/G-88/003
OSWER Directive

9283.1-2

Description

Establish list of toxic pollutants and
promulgate pretreatment standards for
POTWs discharge.

Establishes permitting requirements for
effluent discharge.

Establishes criteria and standards for
technology-based treatment requirements
under the Clean Water Act.

Establishes test procedures for pollutant
analysis in water.

The primary objectives of The Safe
Drinking Water Act (SOW A) are to:
1) protect the nation's sources of

drinking water; and
2) to protect public health by

implementing proper water
treatment techniques.

Establishes the Wild and Scenic River
System to protect designated wild and
scenic values from activities which may
adversely affect those values.

Provides guidance for developing,
evaluating, and selecting ground water
remedial action at Superfund sites.

Status

Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

TBC

Comments

Applicable for treatment options
requiring discharge either to surface
water bodies or to POTWs.

Applicable for treatment options
requiring discharge either to surface
water bodies or to POTWs.

May be applicable for treatment
alternatives including discharge to
surface water or POTW.

Applicable for alternatives including
discharge to surface water or POTW.

Applicable to waste water treatment
alternatives involving underground
injections that may endanger drinking
water sources.

May be applicable if remedial action
affects a designated river.

Guidance for selecting remedial
alternative. Includes action related
considerations, such as overall
protection of human health and the
environment, and implementability.
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Table 2-3
Potential Action Specific ARARs/TBCs
Feasibility Study the Chemsol Inc. Site

Standard, Requirement Criteria
Or Limitation

Federal
RCRA:

Resource Conservation And
Recovery Act (RCRA)
Subtitle C - Hazardous Waste.

RCRA Subtitle D - Solid Waste.

RCRA - Part 264
Standards for Owners and Operators.

RCRA-
Part 262 Standards for generators
Part 263 Standards for transporters.

RCRA - Land disposal restrictions.

Transportation of Hazardous Wastes.

Citation Or Reference

40 CFR Part 264 RCRA

40 CFR Part 264
RCRA Subtitle D

40 CFR Part 264

40 CFR Parts 262 and 263

40 CFR Part 268

49 CFR 170-1 89

Description

Applicable to the treatment, storage,
transportation and disposal of hazardous
waste and wastes listed under 40 CFR
Part 261.

Applicable to the management and
disposal of non-hazardous wastes.

Standards for owners and operators of
hazardous waste facilities.

Applicable to generators and transporters
of hazardous waste.

Applicable to alternatives involving land
disposal of hazardous wastes, and
requires treatment to diminish a waste's
toxicity and /or minimize contaminant
migration.

Federal Highway Administration,
Department of Transportation, and
National Highway Traffic Safety
Administration regulations are codified in
Title 23 (Highways) of the Code of
Federal Regulations
(23 CFR Parts 1-1399)
Additional Transportation regulations are
codified in Title 49 (Transportation) of
the Code of Federal Regulations
(49 CFR Parts 1-1399)

Status

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Comments

May be required for waste/soil
disposal of treatment options.

Specifies minimum technical standards
for solid waste disposal facilities.

Includes design requirements for
capping, treatment, and post closure
care.

Applicable to off-site disposal or
treatment of hazardous material.

May be required for waste/soil
disposal or treatment options.

Applicable to remediation alternatives
that involve the off-site transportation
of hazardous waste.
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Table 2-3
Potential Action Specific ARARs/TBCs
Feasibility Study the Chemsol Inc. Site

Standard, Requirement Criteria
Or Limitation

Federal

RCRA - Part 270
Hazardous Waste Permit Program.

Wetlands:
Wetland Permits.

Fish and Wildlife:
Fish and Wildlife Coordination Act.

Other:
National Historic Preservation
Act (NHPA).

State
NJ Hazardous Waste Regulations

Citation Or Reference

40 CFR 270

Section 404

16 USC 661

7 CFR 650

Labeling, Records and
Requirements
fNJAC 7:26-7)

Description

EPA administered hazardous waste
permit program.

Applicable to remedial actions in and
around wetlands.

Provides procedures for consultation
between agencies to consider wildlife
conservation during water resource
related projects.

Regulations for determining a site's
eligibility for listing in the National
Register of Historic Places

Requirements for hazardous waste
generators.

Status

Applicable

Potentially
Applicable

Applicable

Applicable

Potentially
Applicable

Comments

Covers the basic permitting,
application, monitoring, and reporting
requirements for off-site hazardous
waste management facilities.

Applicable to treatment options
involving excavation or dredging in
and around wetlands if discharge to
Stream 1A is chosen.

May be applicable to remedial actions
that affect wildlife resources.

A federal agency must take into
account the effect of a project on any
property included in or eligible for
inclusion in the National Register of
Historic Places.

Potential ARARs for alternatives
which involve the generation of a
hazardous waste.
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Table 2-3
Potential Action Specific ARARs/TBCs
Feasibility Study the Chemsol Inc. Site

Standard, Requirement Criteria
Or Limitation

Federal

NJ Industrial Site Recovery Act

NJ Industrial Site Recovery Act

NJ Water Pollution Control Act

NJ Water Pollution Control Act

NJ Water Pollution Control Act

NJ Air Pollution Control Act

Citation Or Reference

Hazardous Discharge Site
Remediation Regulations

(NJAC58:10B-12and 13)

Technical Requirements for
Site Remediation (NJAC

7:26E)

Pollutant Discharge
Elimination System
Permit/Discharge

Requirements (NJAC
7:14A-2.1)

Discharge to Groundwater
Requirements (NJAC

7:14A-6)

Effluent
Standards/Treatment

requirements (NJAC 7:9B-
1.6)

Permits and Emissions
Limitations for VOCs

(NJAC 7:27-16)

Description

Requires the documentation and
maintenance of engineering or
institutional controls when such are used
in lieu of remediating a site; also
establishes a one in one million additional
cancer risk as a basis for residential and
non-residential soil remediation standards.

Establishes remedial action requirements,
including workplan and reporting
requirements.

Requires any discharger to land or water
to obtain a permit pursuant to NJSA
(58:10A-1)

Requires any discharger to ground water
to obtain a permit.

Establishes effluent standards and
treatment requirements for discharge of
toxic effluent.

Requires sources which emit VOCs be
registered and permitted with the NJDEP
and meet design specifications.

Status

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Comments

Potential ARARs for active
remediation alternatives and for
alternatives which involve the use of
institutional or engineering controls in
lieu of permanent remediation.

Potential ARARs for active
remediation alternatives.

ARARs for alternatives involving
treatments which discharge effluents to
surface or groundwater.

ARARs for alternatives involving
discharges to ground water.

ARARs for alternatives involving
treatments which discharge toxic
pollutants to area water bodies.

ARARs for alternatives involving
treatments which impact ambient air
(e.g., air stripping).

it*
o
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Table 2-3
Potential Action Specific ARARs/TBCs
Feasibility Study the Chemsol Inc. Site

Standard, Requirement Criteria
Or Limitation

New Jersey State
NJ Air Pollution Control Act

NJ Air Pollution Control Act

NJ Water Supply Management Act

NJ Water Quality Planning Act (NJSA
58:4A-14)

Citation Or Reference

Toxic Substance Emissions
(NJ AC 7:27- 17)

Emergency Situations
(NJAC 7:27-12)

General Water Supply
Management Regulations

(NJAC 7: 19)

Well Drilling Permits and
Well Certification Forms

Description

Requirements for emissions control
apparatus for sources of toxic emissions.

Requirements for standby plans to reduce
emissions of air contaminants during an
air pollution emergency.

Requires NJDEP approval for
groundwater withdrawals exceeding
100,000 gpd.

Requires NJDEP approval for drilling and
construction of new wells.

Status

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Potentially
Applicable

Comments

ARARs for alternatives involving
treatments which impact ambient air
(e.g., air stripping).

ARARs for alternatives involving
treatments which impact ambient air.

ARARs for alternatives involving
installation and operation of ground
water extraction wells.

ARARs for alternatives involving
installation of monitoring wells.

Page 7 of 7



TABLE 2-4

APPLICABILITY OF TREATMENT TECHNOLOGIES
RETAINED FOR ALTERNATIVES DEVELOPMENT

Technology/Process Option

FOR GROUNDWATER

Air Stripping

Aerobic Biological

Carbon Adsoiption

Filtration

POTW

FOR SOILS

Dechlorination

Immobilization

Chemical Extraction

Low Temperature Thermal Desorption

In situ Treatment
(Stabilization/Solidification)

Nature of Contaminants

Volatile Organics

Volatile Organics and
Semi-volatile Organics

Volatile Organics and
Semi-volatile Organics

Suspended solids

Volatile Organics and
Semi-volatile Organics

PCBs, Volatile Organics
Semi-volatile Organics

Lead, Inorganics

PCBs, Volatile Organics
Semi-volatile Organics

PCBs, Volatile Organics
Semi-volatile Organics

Lead, Inorganics
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TABLE 3-1

SUMMARY OF COST ESTIMATES FOR GROUNDWATER ALTERNATIVES
CHEMSOL SITE

ALTERNATIVE

No Action - 1

Continue Existing Interim Action
Extract from C-1 , 21 gpm
Discharge to POTW - 2A
Discharge to Stream - 2B

Extract from C-1, TW-8,
DMW-9, 40 gpm

Discharge to POTW - 3A
Discharge to Stream - 3B

Extract from C-1 , C-2,
TW-8, DMW-9, 45 gpm

Discharge to POTW - 4A
Discharge to Stream - 4B

Extract from C-1, C-2, TW-4
TW-5, TW-8, DMW-9, 55 gpm

Discharge to POTW - 5A
Discharge to Stream - SB

TOTAL CAPITAL
COST

$0

$45,097
$45,097

$291,171
$291,171

$321,563
$321,563

$390,189
$390,189

ANNUAL TOTAL PRESENT
O&M WORTH

$59,336

$452,738
$726,336

$560,125
$741,336

$597,294
$749,336

$670,892
$766,336

$912,000

$7,000,300
$11,209,000

$8,899,000
$11,686,000

$9,500,000
$11,839,000

$10,699,000
$12,169,000
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TABLE 3-2

SUMMARY OF COST ESTIMATES FOR SOIL ALTERNATIVES
CHEMSOL SITE

ALTERNATIVE TOTAL CAPITAL
COST

No Action
1

Capping
with soil 2A
with asphalt 2B

Offsrte Disposal
3

Onsite LTTD for PCBs
onsite solidification for Lead 4A
offsite disposal for Lead 4B

Onsite Solvent Extraction for PCBs
onsite solidification for Lead 5A
offsite disposal for Lead 56

Onsite Base-Catalyzed Decomposition
onsite solidification for Lead 6A
offsite disposal for Lead 6B

$388,660

$1,855,850
$2,650,481

$5,573,001

$11,963,134
$12,241,639

$16,846,950
$17,130,749

for PCBs
$14,686,302
$14,970,101

ANNUAL TOTAL PRESENT
O&M WORTH

$0

$2,000
$175,000

$0

$0
$0

$0
$0

$0
$0

$388,660

$1 ,894,000
$6,013,000

$5,573,000

$11,963,000
$12,242,000

$16,847,000
$17,131,000

$14,686,000
$14,970,000
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TABLE 4-1

COST ESTIMATE FOR ALTERNATIVE GW1
NO ACTION

Item

1 . LONG-TERM MONITORING PROGRAM
(selected 20 existing wells) (30 years)

a) Annual Groundwater Sampling and Analysis
b) Annual Sampling Wastewater Disposal
c) Report Preparation (every 5 yrs)

Subtotal

Size or Quantity

31 samples per year
3,000 gallons

6

MET PRESENT WORTH OF COSTS

Capital Costs
($)

0

O&M Costs ($)
Annual

42.525
15,000

1,811

59,336

Present Worth*

653,694
230,580
27,835

912,109
912,109 (Say $91 2,000)

* Discount Rate = 5%



TABLE 4-2A

COST ESTIMATE FOR ALTERNATIVE GW2A
CONTINUE EXISTING INTERIM ACTION

DISCHARGE TREATED WATER TO POTW

Item

1. LONG-TERM MONITORING PROGRAM
(selected 20 existing wells) (30 years)

a) Annual Groundwater Sampling and Analysis
b) Report Preparation (every 5 yrs)

Subtotal

2. ABOVE GROUND PIPING REPLACEMENT

Subtotal

3. GROUNDWATER TREATMENT SYSTEM
(Bio. treatment not included) (30 yrs)
Utility, Chemicals, Sludge Disposal, Routine
Maintenance. Routine Reports, Inf. Monitoring,
etc.

Subtotal

4. POTW Discharge Fee
Year 1 & 2
Year 3
Year 4
Year 5 and over

Subtotal
CONSTRUCTION SUBTOTAL

Hearth and Safety
3id Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

Size or Quantity

31 samples per year
6

645 LF 4'-dia buried
HDPE double-wall

Approx. 21 gpm

Est. 22 million gal.
Est. 1 1 million gal.
Est. 11 million gal.

Est. 286 million gal.

10%
15%
30%

5%
10%

10%

Capital Costs
($)

0

23,000

23,000

0

0
23,000

2,300
3,450
6,900

35,650

1,783
3,565

40,998

4,100
45,097

O&M Costs ($)
Annual

42,525
1,811

44,336

0

314,000

314,000

44,000
66,000
88,000

110.000

94.402
452,738

0
0
0

452,738

0
0

452.738

0
452,738

Present Worth*

653,694
27,835

681,529

0

0

4,826,180

4,826,180

81.796
57,011
72,398

1.238.909

1.450.114
6,957,823

0
0
0

6,957,823

0
0

6.957,823

0
6,957,823

NET PRESENT WORTH OF COSTS 7,002,920 (Say $7,003,000)
1 Discount Rate = 5%

1. Continue pumping from well C-1 at the existing rate.
2 Assume all wastewater generated during sampling will be treated by the treatment plant.
3 Sample number: Estimated 20 existing wells, one dup. five field blanks and trip blanks.
4 Assume major process equipment will last for the project span life time under routine O & M .
5. Piping Replacement is scheduled during soil remediation.
6 Cost estimate for Groundwater Treatment System was modified based on actual 95' O & M costs.
7 MCUA Discharge fees are based on $4.0 per 1,000 gal. for the 1 st & 2nd year, $6.0 per 1,000 gal. for the 3rd year,

$8.0 per 1,000 gal. for the 4th year, and $10.0 per 1,000 gal. for the 5th year and onwards.
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TABLE 4-2B

COST ESTIMATE FOR ALTERNATIVE GW2B
CONTINUE EXISTING INTERIM ACTION

TREATED WATER DISCHARGE TO STREAM 1A

Item

1. LONG-TERM MONITORING PROGRAM
(selected 20 existing wells and stream 1A)
(30 years)

a) Annual Ground Water Sampling and Analysis
b) Stream 1 A Sampling and Analysis
c) Report Preparation (every 5 yrs)

Subtotal

2. ABOVE GROUND PIPING REPLACEMENT

Subtotal

3. GROUNDWATER TREATMENT SYSTEM
Utility, Chemicals, Sludge Disposal, Routine
Maintenance

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
3id Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

Size or Quantity

31 samples per year
60 events, 240 samples

6

645 LF4"-dia buried
double-wall

Approx. 21 gpm

10%
15%
30%

5%
10%

10%

Capital Costs
($)

0

23,000

23,000

0
23.000

2,300
3.450
6,900

35,650

1,783
3,565

40,998

4,100
45,097

O&M Costs ($)
Annual

42,525
19.000
1,811

63,336

0

663,000

663.000
726,336

0
0
0

726.336

0
0

726.336

0
726.336

Present Worth*

653,694
292,030
27,835

973.559

0

0

0
10.190,310

10.190.310
11.163,869

0
0
0

11.163,869

0
0

11,163,869

0
11,163,869

NET PRESENT WORTH OF COSTS 11,208,967 (Say $11 ,209,000)
* Discount Rate = 5%

1 Continue pumping from well C-1 at the existing rate.
2. Assume the existing treatment system can meet the stream discharge criteria.
3 Assume all wastewater generated during sampling will be treated by the treatment plant
4 Groundwater Sample No. (per event): Estimated 20 existing wells, one dup. five field blanks and trip blanks.

Stream 1A Sampling (per event): One upstream and one downstream
5. Assume major process equipment will last for the project span life time under routine O & M .
6. Piping Replacement is scheduled during soil remediation
7. Cost estimate for Groundwater Treatment System was modified based on actual 95' O&M costs plus

bioreactor system.
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TABLE 4-3A

COST ESTIMATE FOR ALTERNATIVE GW5A
EXTRACT GROUNDWATER FROM WELL C-1, C-2, TW-4, TW-5, TW-8, AND DMW-9, AND

DISCHARGE TREATED WATER TO POTW

Item

1. LONG-TERM MONITORING PROGRAM
(selected 20 existing wells and stream 1A)
(30 years)

a) Annual Ground Water Sampling and Analysis
b) Report Preparation

Subtotal

2 EXTRACTION SYSTEM INSTALLATION
a) Installation of well pumps, well vaults,

piping and appurt.. elec. and instrumentation,
b) Piping (buried .double-wall) and appurtances
c) Installation of Monitoring Wells

Subtotal

3. GROUNDWATER TREATMENT SYSTEM
a) Utility, Chemicals, Sludge Disposal, Routine

Maintenance

Subtotal

4 POTW DISCHARGE FEE
Year 1 & 2
Year 3
Year 4
Year 5 & and Onwards

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency

Size or Quantity

31 samples per year
6

6

2085 LF
4

55 gpm

Est. 58 million gal.
Est. 29 million gal.
Est. 29 million gal.
Est. 754 million gal.

10%
15%
30%

CONSTRUCTION TOTAL j

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

5%
10%

10%

Capital Costs
($)

0

93,000

62,000
44,000

199,000

0
199,000

19,900
29.850
59,700

308,450

15,423
30,845

354,718

35.472
390,189

O&M Costs ($)
Annual

42,525
1,811

44,336

353,000

353.000

232,000
174,000
232,000
290,000

273.556
670.892

0
0
0

670,892

0
0

670.892

0
670,892

Present Worth*

653,694
27,835

681,529

0

0

0
5,425,610

5,425,610

431,288
150,301
190,866

3.429,631

4.202.086
10,309.226

0
0
0

10,309,226

0
0

10,309,226

0
10.309,226

NZT PRESENT WORTH OF COSTS 10,699,415 (Say $10,699,000)
' Discount Rate = 5%

1 Pumping a total of 55 gpm from 6 welte: C-1 (20 gpm), C-2 (5 gpm), TW-4 (5 gpm), TW-5 (5 gpm),
TW-8 (10 gpm), and DMW-9 (10 gpm)

2. Assume all wastewater generated during sampling will be treated by the treatment plant.
3 Groundwater Sample No. (per event): Estimated 20 existing wells, one dup. five field blanks and trip blanks.
4. Assume major process equipment will last for the project span life time under routine O & M .
5 Bioreactor will not be operated due to the discharge option.
6. Cost estimate for Groundwater Treatment System was modified based on actual 95' O&M costs.
7 MCUA Discharge fees are based on $4.0 per 1,000 gal. for the 1st & 2nd year, $6.0 per 1,000 gal. for the 3rd year,

$8.0 per 1,000 gal. for the 4th year, and $10.0 per 1,000 gal. for the 5th year and onwards.
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TABLE 4-3B

COST ESTIMATE FOR ALTERNATIVE GW5B
EXTRACT GROUNDWATER FROM WELL C-1, C-2, TW-4, TW-5, TW-8, AND DMW-9, AND

DISCHARGE TREATED WATER TO STREAM 1A

Item

1 LONG-TERM MONITORING PROGRAM
(selected 20 existing wells and stream 1A)
(30 years)

a) Annual Ground Water Sampling and Analysis
b) Stream 1A Sampling and Analysis
C) Report Preparation

Size or Quantity

31 samples per year
60 events, 240 samples

6

Subtotal i

2 EXTRACTION SYSTEM INSTALLATION
a) Installation of well pumps, well vaults,

piping and appurt. . etec and instrumentation.
b) Piping (buried, double-wall) and appurt
c) Installation of monitoring wells

Subtotal

3 GROUNDWATER TREATMENT SYSTEM
a) Utility. Chemicals. Sludge Disposal, Routine

Maintenance

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

6

2085 LF
4

55 gpm

10%
15%
30%

5%
10%

10%

Capital Costs
($)

0

93.000

62.000
44,000

199,000

0
199,000

19,900
29,850
59,700

308,450

15,423
30,845

354.718

35,472
390.189

O&M Costs ($)
Annual

42.525
19,000
1,811

63,336

703.000

703000
766,336

0
0
0

766,336

0
0

766,336

0
766,336

Present Worth*

653.694
292.030
27,835

973.559

0

0
10,805,110

10805.110
11,778.669

0
0
0

11,778,669

0
0

11,778.669

0
11.778,669

NET PRESENT WORTH OF COSTS 12,168,859 (Say $12,168,000)
• Discount Rate = 5%

1 Pumping a total of 55 gpm from 6 wells: C-1 (20 gpm), C-2 (5 gpm), TW-4 (5 gpm), TW-5 (5 gpm), TW-8 (10 gpm), and
DMW-9 (10 gpm).

2. Assume all wastewater generated during sampling will be treated by the treatment plant.
3. Groundwater Sample No. (per event): Estimated 20 existing weHs, one dup. five field blanks and trip blanks.

Stream 1A Sample No. (per event): one upstream and one downstream.
4. Assume major process equipment will last for the project span life time under routine O&M.
5 Operation of the bioreactor only, is estimated to be 350 K per year.
6 Cost estimate for Groundwater Treatment System was modified based on actual 95' O&M costs plus costs for

bioreactor operation.
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TABLE 4-4

COST ESTIMATE FOR ALTERNATIVE S-1
NO ACTION

Item

1 . OFFSITE DISPOSAL OF DRUMMED WASTE
- Sampling and Analysis
- Well Cuttings
- Baker Tank Sediment
-PPE
- Plastic Sheeting
- Hose/Wire/Potytubmg
- Misc. Solid Waste

2. OFFSITE DISPOSAL OF SOIL STOCKPILE
-Sampling and Analysis
- Loading onto Dumpsters
- Transportation and Disposal

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
3id Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH OF COSTS

Size or Quantity

10
167 drums
95 drums
56 drums
22 drums
3 drums

25 drums

10
4 days

1,450cuyd

10%
15%
30%

5%
10%

10%

Capital Costs
w

20,000
23,380
13,300
7,840
3,080

420
3,500

20,000
5,200

101,500

198,220
198,220

19,822
29,733
59,466

307,241

15,362
30.724

353,327

35,333
388,660

O&M Costs ($)
Annual Present Worth

0

0
0

0

0

0

388,660 (say 389,000)

1. Costs for offsite disposal are based on assumption that all soil and wastes can be disposed of at a non-TSCA facility.
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TABLE 4-5

COST ESTIMATE FOR ALTERNATIVE S-2A
CAPPING WITH SOIL

Item

1. DEED RESTRICTION

2. OFFSITE DISPOSAL OF DRUMMED WASTE
- Sampling and Analysis
- Well Cuttings
- Baker Tank Sediment
-PRE
- Plastic Sheeting
- Hose/Wire/Polytubing
- Misc. Solid Waste

3. OFFSITE DISPOSAL OF SOIL STOCKPILE
- Sampling and Analysis
- Loading onto Dumpsters
- Transportation and Disposal

4. CAPPING WITH SOIL
- Site Clearing and Grubbing, Rough Grading

and Dewatering
- Soil Cover
- Topsoil and Seed

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
3id Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH OF COSTS

Size or Quantity

1LS

10
167 drums
95 drums
56 drums
22 drums
3 drums

25 drums

10
4 days

1 ,450 cy

12 acres

1 2 acres 12-in thick
12 acres 5-in thick

10%
15%
30%

5%
10%

10%

Capital Costs
($)

$25,000

20,000
23,380
13,300
7,840
3,080

420
3,500

20,000
5,200

101,500

36,000

309,760
377,520

946,500
946,500

94,650
141,975
283.950

1,467,075

73,354
146,708

1,687,136

168,714
1,855.850

O&M Costs ($)
Annual

2,000

2,000

Present Worth

30,740

30.740
30,740

3,074
4,611

38,425

38,425

I 38,425
1,894,275 (say 1,894,000)

5% discount

1. Costs for offsite disposal are based on assumption that all soil can be disposed of at a non-TSCA facility.
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TABLE 4-6

COST ESTIMATE FOR ALTERNATIVE S-3
EXCAVATION AND OFFSITE DISPOSAL

Item

1. EXCAVATION
- Clearing and Grubbing
- Temporary Drainage/Dewatering
- Excavation
- Confirmatory Sampling

2. OFFSITE DISPOSAL OF DRUMMED WASTE
- Sampling and Analysis
- Well Cuttings
- Baker Tank Sediment
-PRE
- Plastic Sheeting
- Hose/Wire/Polytubing
- Misc. Solid Waste

3. OFFSITE DISPOSAL OF SOIL STOCKPILE
-Sampling and Analysis
- Loading onto Trucks
- Transportation and Disposal

4 OFFSITE DISPOSAL OF EXCAVATED SOIL
- Sampling and Analysis
- Offsite Transportation & Disposal

5. BACKFILLING
- Imported common fill
- Topsoil and Seed

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH OF COSTS

Size or Quantity

3 acres
1 Is

1 8,500 cy
160

10
1 67 drums
95 drums
56 drums
22 drums
3 drums

25 drums

10
4 days

1,450cy

225
1 8,500 cy

12 acres 1.5-ft
12 acres 6-in

10%
15%
30%

5%
10%

10%

Capital Costs
($)

9,240
20,000
55,000
72,000

20,000
233,800
13,300
7,840
3,080

420
3,500

20,000
5,200

101,500

450,000
1,295,000

154,880
377,520

2,842,280
2,842,280

284,228
426,342
852,684

4,405,534

220,277
440,553

5,066,364

506,636

O&M Costs ($)
Annual

0

Present Worth

0
0
0
0

0

0

5,573,001 1 | 0

5,573,001 (say 5,573,000)
5% discount

1. Costs for offsite disposal are based on assumption that all soil and wastes can be disposed of at a non-TSCA facility.
2. Sample number for offsite disposal of excavated soil is based on NJ DEP waste classification requirements.
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TABLE 4-7A

COST ESTIMATE FOR ALTERNATIVE S-4A
LOW TEMPERATURE THERMAL DESORPTION FOR PCBs AND

SOLIDIFICATION/STABILIZATION FOR LEAD

Item

1. EXCAVATION
- Clearing and Grubbing
- Temporary Drainage/Dewatering
- Excavation
- Confirmatory Sampling

2. OFFSITE DISPOSAL OF DRUMMED WASTE
- Sampling and Analysis
- Empty Drums for Well Cuttings
- Baker Tank Sediment
-PRE
- Plastic Sheeting
- Hose/Wire/Potytubing
- Misc. Solid Waste

3. LOW TEMPERATURE THERMAL DESORPTIO
- Treatability Study
- Mobilization/Demoblization
— Treatment
— Sampling and Analysis

4. SOLIDIFICATION/STABILIZATION
— Mobilization/Demoblization
— Treatment
— Sampling and Analysis

5 BACKFILLING
- Treated Soil and Solidified Mass
- Topsoil and Seed

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
3id Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

Engineering & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH OF COSTS

Size or Quantity

3 acres
1 Is

1 8,500 cy
160

10
167 drums
95 drums
56 drums
22 drums
3 drums

25 drums

Y
1 te
1 te

1 8,799 cy/30,078 ton
301

1 Is
3,081 cy

31

21,880cy
12 acres 6-in

10%
15%
30%

5%
10%

10%

Capital Costs
($)

9,240
20,000
55,000
72,000

20,000
1,670

13,300
7,840
3,080

420
3,500

25,000
500,000

4,511,760
180,600

100,000
77,025
13,950

109,400
377,520

6,101,305
6.1 01 ,305

610,131
915,196

1.830,392
9,457,023

472,851
945.702

10,875,576

1.087,558
11,963,134

O&M Costs ($)
Annual

0

Present Worth

0
0
0
0

0

0

0

11,963.134 (say 11.963,000)
5% discount

1. Costs for offsite disposal are based on assumption that all dnjmmed wastes can be disposed of at a non-TSCA facility.
2. Onsite soil stockpiles (est. 1,450 cy) and drummed well cuttings (est. 46 cy) will be treated as PCB contaminated soil.
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TABLE 4-7B

COST ESTIMATE FOR ALTERNATIVE S-4B
LOW TEMPERATURE THERMAL DESORPTION FOR PCBs AND

OFFSITE DISPOSAL FOR LEAD

Item

1. EXCAVATION
- Clearing and Grubbing
— Temporary Drainage/Dewatering
— Excavation
- Confirmatory Sampling

2. OFFSITE DISPOSAL OF DRUMMED WASTE
- Sampling and Analysis
- Empty Drums for Well Cuttings
— Baker Tank Sediment
-PRE
- Plastic Sheeting
- Hose/Wire/Polytubing
- Misc. Solid Waste

3. LOW TEMPERATURE THERMAL DESORPTIO
- Treatability Study
- Mobilization/Demoblization
- Treatment
- Sampling and Analysis

4. OFFSITE DISPOSAL OF LEAD SOIL
— Loading onto Dumpsters
— Transportation and Disposal
- Sampling and Analysis

5 BACKFILLING
- Treated Soil
- Imported Fill
— Topsoil and Seed

Subtotal
CONSTRUCTION SUBTOTAL

Health and Safety
Bid Contingency
Scope Contingency
CONSTRUCTION TOTAL

Permitting & Legal
Services During Construction
TOTAL IMPLEMENTATION COSTS

ingineenng & Design
TOTAL ESTIMATED COSTS

NET PRESENT WORTH Of COSTS

Size or Quantity

3 acres
1 te

18,500 cy
160

10
167 drums
95 drums
56 drums
22 drums
3 drums

25 drums

N
1 te
1 te

18,799 cy/30,078 ton
301

155 dumpsters
3,081 cy/4,930ton

45

1 6,903 cy
Ocy

12 acres 6-in

10%
15%
30%

5%
10%

10%

Capital Costs
($)

9,240
20,000
55,000
72,000

20,000
1,670

13,300
7,840
3,080

420
3,500

25,000
500,000

4,511,760
180,600

1,550
345,100
11,250

84,515
0

377,520

6.243,345
6,243,345

624,335
936,502

1,873,004
9,677,185

483,859
967.718

11,128,762

1,112,876
12,241,639

O&M Costs ($)
Annual

0

Present Worth

0
0

0
0

0

0

0

12,241,639 (say 12,242,000)
5% discount

1. Costs for offsite disposal are based on assumption that all drummed wastes and soil can be disposed of at a non-TSCA facility.
2. Onsrte soil stockpiles (est. 1,450 cy) and drummed well cuttings (est. 46 cy) will be treated as PCB contaminated soil.
3. Treated soil will be backfilled evenly at all excavated areas and followed by 6-in of topsoil.
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TABLE 5-1

SENSITIVITY OF COST ESTIMATES FOR GROUNDWATER ALTERNATIVES
CHEMSOL SITE

ALTERNATIVE
DURATION

10 years
No Action - 1

Continue Existing Interim Action-2A
Continue Existing Interim Action-26

Extract From 6 Wells 55gpm - 5A
Extract From 6 Wells 55gpm - SB

15 years
No Action - 1

Continue Existing Interim Action-2A
Continue Existing Interim Action-26

Extract From 6 Wells 55gpm - 5A
Extract From 6 Wells 55gpm - 56

20 years
No Action - 1

Continue Existing Interim Action-2A
Continue Existing Interim Action-26

Extract From 6 Wells 55gpm - 5A
Extract From 6 Wells 55gpm - 56

25 years
No Action - 1

Continue Existing Interim Action-2A
Continue Existing Interim Action-26

Extract From 6 Wells 55gpm - 5A
Extract From 6 Wells 55gpm - 56

30 years
No Action - 1

Continue Existing Interim Action-2A
Continue Existing Interim Action-26

Extract From 6 Wells 55gpm - 5A
Extract From 6 Wells 55gpm - 56

TOTAL CAPITAL
COST

$0
$45,097
$45,097

$390,189
$390,189

$0
$45,097
$45,097

$390,189
$390,189

$0
$45,097
$45,097
$390,189
$390,189

$0
$45,097
$45,097

$390,189
$390,189

$0
$45,097
$45,097

$390,189
$390,189

ANNUAL TOTAL PRESENT
O&M WORTH

$59,336
$442,337
$726,336
$654,190
$766,336

$59,336
$447,615
$726,336
$662,568
$766,336

$59,336
$450,186
$726,336
$666,661
$766,336

$59,336
$451,786
$726,336
$669,364
$766,336

$59,336
$452,738
$726,336
$670,892
$766,336

$458,000
$3,461,000
$5,654,000
$5,442,000
$6,308,000

$616,000
$4,692,000
$7,584,000
$7,269,000
$8,345,000

$739,000
$5,656,000
$9,097,000
$8,700,000
$9,940,000

$836,000
$6,412,000

$10,282,000
$9,822,000

$11,191,000

$912,000
$7,000,000

$11,209,000
$10,699,000
$12,169,000
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TABLE 5-2
COST SENSITIVITY ANALYSIS FOR SOIL ALTERNATIVES

CHEMSOL SITE

Item Varied
(Min. - Max.)

Alternative Min. Cost Max. Cost

Contaminated Soil
Volume/Area

No Further Action
Capping with soil
Capping with asphalt *
Offsite Disposal
LTTD + Solidification
LTTD + Disposal
Solv. Extract + Solidification *
Solv. Extract. + Disposal *
BCD + Solidification *
BCD ^Disposal *

Treatment Cost

LTTD + Solidification
LTTD + Disposal

Solv. Extract + Solidification *
Solv. Extract. + Disposal *

BCD + Solidification *
BCD ^Disposal *

S-1
S-2A
S-2B
S-3

S-4A
S-4B
S-5A
S-5B
S-6A
S-6B

S-4A
S-4B

S-5A
S-5B

S-6A
S-6B

-20%

$326,000
$1,606,000
$5,571,000
$4,626,000
$9,843,000

$10,027,000
$13,842,000
$14,030,000
$11,976,000
$12,164,000

$100/ton
$9,014,000
$9,293,000

$1 50/ton
$12,424,000
$12,708,000 .

$1 50/ton

$11,738,000
$12,021,000

20%

$326,000
$2,183,000
$6,455,000
$6,520,000

$14,083,000
$14,446,000
$19,852,000
$20,231,000
$17,396,000
$17,776,000

250/ton
$17,861,000
$18,139,000

$300/ton

$21,270,000
$21,554,000

250/ton

$17,635,000
$17,919,000

Screened Out *
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